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EDITORIAL 
IS WOOD OUT OF DATE? 


4S WOOD an anachronism? Is 
<4 lumber to be replaced by steel, 

S49 brick, cement, and pulp prod- 
ris? Will trees hereafter be harvested 
when the size of brush? Will scrub 
oak and ceanothus become as valuable as 
pine, ash, and hickory? If so, what will 
be the future of forestry? 


Such questions as these are now agi- 
tating the minds of foresters, timber- 
land owners, and lumber manufacturers. 
While categorical answers are perhaps 
impossible, the problems presented cer- 
tainly deserve the best thought of the 
profession. Predicting the future has 
always been a difficult and uncertain 
task at best, particularly in these days 
‘when modern science and research are 
rapidly remaking the physical world, 
but at the same time one that foresters 
can hardly avoid. Let us therefore, with- 
out going into detail, see if we can dis- 
cover a few broad trends or general 
principles that are likely to be helpful 
in answering our specific questions. 
First of all, it can be taken for granted 
that from now on wood will have to find 
a market in competition not only with 
inorganic materials but with its own de- 
rivatives. Pulp products in wide variety 
have come to stay. That they or other 
substitutes will ever displace wood com- 


pletely, however, seems much more 
doubtful. Utility and cost alike forbid. 
Wood has many intrinsically valuable 
properties which still render it superior 
to other materials for certain purposes; 
and even if these should be successfully 
imitated, the cost of doing so might 
readily be exorbitant. 

In this connection it should be borne 
in mind that pulp products, which in- 
volve the breaking down of the wood 
and the subsequent synthesis of the wood 
fibres into a new form, can compete with 
products manufactured directly from 
wood only because of the cheaper price 
of the raw material or the excessive waste 
in the latter process. Mill waste and in- 
ferior trees and logs can now be used 
profitably for pulp because of their low 
initial cost. But as the demand for pulp 
substitutes for lumber increases (if it 
does), the price of the raw material will 
increase similarly until the differential in 
manufacturing profit is wiped out. 

This will provide a market for smaller 
and smaller trees until mere brush may 
come to have a distinct stumpage value, 
assuming the chemical problem involved 
in its utilization is satisfactorily solved. 
It will also give increasing value to mill 
waste. The real problem then is whether 
it will pay better to cut the “ forest” 
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when it is a few feet high and can be 
used for pulp only, or to let it grow to 
sawtimber size when it can be used for a 
variety of purposes. From the standpoint 
of the manufacturer, will the realization 
value of the larger material more than 
offset its increased stumpage price; from 
that of the timberland owner, will the 
higher stumpage more than offset the in- 
creased cost of growing it? 

It seems likely that the answer to both 
questions will be “‘ Yes,” provided both 
wood utilization and timber growing are 
put on a more intensive basis than at 
present. There is every reason to believe 
that the present enormous waste in the 
wood-manufacturing industries can be 
practically eliminated by an integration 
of industry that will put to use in one 
form or another all of the wood in every 
log that enters the saw mill. When this 
is done, it is not improbable that many 
of our smaller wood products and the 
bulk of our wood pulp can be turned out 
as by-products of lumber manufacture to 
the financial benefit of all concerned. 

Such a development would enable 
manufacturers to pay a fair price for 
stumpage without raising the price to 
consumers, and would put timberland 
owners in a position to practice forestry 
as a business proposition, with the confi- 
dent expectation that the more they put 
into it the more they would get out of it. 
The policy of continuing to grow saw- 
timber of desirable species would also 
keep both timberland owner and wood 
manufacturer from putting all their eggs 
in one basket and would give a diversity 
of crops which is as desirable in forestry 
as in agriculture. Needless to say, the 
successful execution of this program de- 


pends in large part on the conduct of 
adequate research and prompt applica- 
tion of the results. 

With respect to competition between 
wood and inorganic materials, there is 
little reason to doubt that wood can hold 
its own provided its properties and uses 
are as carefully studied and its products 
as skillfully marketed as is the case with 
its competitors. Moreover, it should not 
be forgotten that large quantities of 
wood are required in the manufacture 
and distribution of these competitors and 
that their supply is not inexhaustible. 
Our descendants may well be conducting 
their industries largely with wood and 
its derivatives when iron and oil are 
museum curiosities. In the long run, so 
far as we can now foresee, life and in- 
dustry will continue to be fundamentally 
dependent on organic materials, and of 
these one of the most diverse in its uses 
and one of the most suitable for bulk 
production is wood. 

Foresters therefore need have no fear 
that their profession is on the wane. To 
make a fourth of our total land area play 
its part in the production of an essential 
raw material and in the development of 
prosperous communities will continue to 
demand their best efforts and increasing 
skill. We may not be able to predict 
just what species or sizes of trees the 
future will require or the exact way in 
which they will be used, but we can be 
confident that foresters and forestry will 
always contribute materially to the prog- 
ress of the nation. That the best way to. 
do this is beset with difficult problems — 
should serve only as an incentive to seek 
their solution with deeper intelligence 
and keener enthusiasm. 


STORAGE BASINS AS A MEANS OF 
FLOOD CONTROL’ 


By A. C. EATON 
Hydraulic Engineer, New England Power Construction Company 


BYHE SUBJECT of floods and 
#4 flood control is fairly dazing in 
gq its complexity. Considering 
briefly some of the causes of floods, we 
find in the city that buildings, sidewalks, 
and paved streets produce a quick gather- 
ing of the water. Buildings, bridges, 
walls, and other structures along a 


stream often encroach upon the legiti- 


mate high water channel, and when this 
channel is needed for conveying of water 
there is naturally trouble. After a win- 
ter of much snow, we expect lots of 
water when it melts. Then again, a 
January thaw creates anxiety as to 
whether or not the ice may break up 
and cause serious jams and local high 
water. The forester may blame the cut- 
ting of our timber for floods, and doubt- 
less the cutting and burning of large 
tracts does affect the distribution of the 
runoff to the streams, but it is question- 
able how much the forests affect the peak 
of a flood caused by a really big rain. 
Some people even blame the farmer for 
the big floods, contending that if he 
would plow his fields along the contour 
of the land the excess water would be 


held in the furrows and floods thus pre- 


vented. 

All these things, even to the lack of 
contour plowing, may have local effects, 
but the primary cause of big widespread 


1Presented at the Third New England 
Forestry Congress, Hartford, Conn., Feb. 2, 


1929. 


floods is simply too much water, usu- 
ally due to heavy concentrated rainfalls. 

There is no “cure-all” for floods. 
Each flood control problem must be con- 
sidered specifically and the correct solu- 
tion will be that method or combination 
of methods which best fits the facts. 

Taking up particularly the subject of 
storage basins, we find that the out- 
standing floods of New England and 
other sections of the country have been 
the result of rainfalls of 8, 10, 12, and 
even I4 inches in a single storm. Now 
I submit that when rain is falling in 
terms of feet rather than inches the 
one sure way of keeping it from doing 
damage is to bottle it up. This, how- 
ever, in many cases is not physically 
and more often not financially possible. 

Take the case of the State of Vermont. 
The 1927 flood took 84 lives and caused 
damages of $30,000,000. The Board 
of Engineers studying the Vermont flood 
situation has recently reported that it 
would cost at least $40,000,000 to pre- 
vent a repetition of the 1927 disaster 
by means of storage reservoirs, an ex- 
penditure not recommended by the Board 
because not justified by the concentration 
of property values. Thus storage reser- 
voirs alone do not answer the Vermont 
problem. The Board feels that much 
may be accomplished by codperation be- 
tween the state, local communities, and 
power companies. 
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In contrast to the Vermont situation, 
the Miami Regulating District in Ohio 
is the outstanding example of flood con- 
trol on a fairly large scale. Several seri- 
ous floods occurred in the Miami River 
Valley with that of 1913, causing dam- 
ages of $100,000,000 to the city of Day- 
ton and vicinity. After an exhaustive 
study an expenditure of $30,000,000 was 
made for flood control, the greater part 
of which was spent in the construction 
of five detention reservoirs. 

A detention reservoir is one which is 
automatically kept empty except in case 
of a large flow by a fixed opening through 
the dam which cannot be closed. It 
comes into use only in case of a flood. 
The size of the opening is such that 
no more water can pass through than can 
be handled by the river below. 

A storage reservoir, on the other hand, 
has a controlled outlet. No water is nor- 
mally discharged from the reservoir until 
the water reaches the spillway level. It 
was reservoirs of this type on the Deer- 
field River in southern Vermont which 
saved the lower Deerfield Valley from 
great flood damage in 1927. 

In addition to its normal capacity the 
storage reservoir functions at times as a 
detention reservoir, since when the water 
reaches the spillway level part of it flows 
over and part is stored in the reservoir 
above the spillway level. A foot of depth 
flowing over the spillway crest means 
that a foot of water meantime has been 
stored over the entire area of the reser- 
voir, and a depth of 3 feet flowing over 
the crest means 3 feet has been so stored. 
In other words, after the water gets 
above the spillway the action is identical 
with that of a detention reservoir. Thus, 
as a rule, any reservoir, whether artificial 


or natural, has a tendency to reduce 
floods. 


At no one time within one hundred 
years has there been a single storm with 
a rainfall covering the whole country 
between the Atlantic Coast and the 
Rocky Mountains. But at some time 
within a hundred years all points in this 
territory have had excessive rainfalls and 
resulting floods. The Great Lakes region 
has had storms up to 5 inches of rain, and 
as you pass south and east the intensity 
has increased. Over Texas in December, 
1913, there was a rainfall of 14 inches. 
In the western Carolinas in July, 1916, 
14 inches of rain fell in a single 24 hours. 
Over Ohio in March, 1913, occurred a 
rainfall of 10 inches, causing the Miami 
River flood. These are the types of storm 
which cause enormous damage over a 
limited area, and which the hydraulic 
engineer must prepare for in the de- 
sign of his structures. 

Coming closer home, we find that at 
the time of the Vermont flood in No- 
vember, 1927, there was a recorded rain- 
fall of over 9 inches for a good length 
of the Green Mountain Range. At the 
same time there was a second storm 
centered over Rhode Island with a rain- 


fall of more than 7 inches in 12 hours — 


on the upper part of the Pawtuxet River 
drainage. The Scituate Reservoir of the 
Providence Water Supply caught this 
rainfall from a drainage of 93 square 
miles and saved what would have 
amounted to an enormous damage to the 
river valley below if this reservoir had 
not been completed a few years ago. 
Three storms have occurred over 
western New England in the past 60 


years which did considerable damage— — 


in October, 1869; July, 1897; and No- 
vember, 1927. The first two had greater 
rainfalls, but the 1927 storm caused 


greater damage, probably because two — 


heavy rains had preceded it within three 


-~ 
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weeks, resulting in an extremely quick 
runoff when the big rainfall came. A 
fourth rainfall of magnitude occurred 
in 1836 over this same area. It is of in- 
terest to observe that the time interval 
between the big storms in western New 
England is about 30 years. 

The weather man seems able to give 
pretty good explanations of the causes 
of these storms, and in time will doubt- 
less be able to forewarn us of their 
visits. Within the past year or two our 
Weather Bureau has succeeded in spot- 
ting tropical storms several days before 
they reach our South Atlantic Coast, 
and has successfully predicted their be- 
havior. The extreme rainfalls of the 
eastern part of the country appear to be 
caused by tropical storms moving in from 
the West Indian area, sometimes drop- 
ping their extra moisture in one place 
and sometimes in another. “The Novem- 
ber, 1927, storm moved up the Atlantic 
Coast with its center off the tip of 
Florida on November 2 and opposite 
Cape Hatteras on the morning of No- 
vember 3. Early on November 4 it was 
centered over Vermont and New Hamp- 
shire and on the 5th had moved to the 
mouth of the St. Lawrence River. About 
the time it reached the Green Mountains 
with its super-cargo of moisture, held in 
the clouds by the tropical temperature, 
it met an unkindly cold blast approach- 
ing from the northwest. The result we 
all know. 

Montpelier, Vermont, suffered  se- 
verely. It is a good example of channel 
encroachment, since about all the river 
valley outside the normal river channel 
has been taken for buildings, streets, 
and railroads. The correct solution of 
the flood control problem at Montpelier 
will probably be a combination of reser- 


voirs to give less water, channel im- 
provements to give more waterway, re- 
moval of property from the area still 
subject to flood damage, and allowing 
certain property to be flooded at times. 

Another type of damage occurred at 
Proctor, Vermont. Here the water came 
up faster than it could run away through 
the regular rock gorge channel, with the 
result that it discharged through a rail- 
road rock cut, and then dropped 70 feet 
to the plain below, taking a section of 
the railroad with it and mixing things 
up on the lower level among the houses 
and streets. These houses were safely 
above the high water of the river in 
front, and the flood literally came in by 
way of the back door. 

At Bellows Falls, Vermont, and North 
Walpole, New Hampshire, the 1927 
flood was about 4 feet higher than any 
previous record. Here the water came 
over the low section of the town at the 
New Hampshire end of the bridges and 
dam and formed a new channel 200 feet 
wide and 30 feet deep, cutting the main 
Connecticut Valley line of the Boston & 
Maine Railroad, and the trunk line 
highway to the north. 

The highest measured rainfall in the 
1927 flood was at Somerset Reservoir at 
the headwaters of the Deerfield River 
in southern Vermont, yet the lower 
Deerfield Valley suffered no flood dam- 
age. The Deerfield River has two large 
reservoirs—the Somerset controlling 30 
square miles and the Davis Bridge con- 
trolling 154 square miles. ‘The Somerset 
Reservoir has a capacity of 39 inches on 
the drainage area, 20 per cent more than 
the total annual runoff. The flood pro- 
duced a runoff of 5.5 inches, and after 
this amount had gone into the reservoir 
it could have taken 6.3 inches more. 
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Had the reservoir been full to the maxi- 
mum operation level at the beginning of 
the storm it could still have held the total 
runoff without overtopping the main 
dam and with none flowing over the 
spillway. But had it been full at the be- 
ginning of the storm it would have 
started to run over the spillway, gradu- 
ally increasing until, had the storm 
lasted that long, the amount running out 
equalled the amount running in. Still 
further, the spillway has a capacity 
greater than the maximum rate of run- 
off during this flood, which insures the 
safety of the structure. 

Similar conditions existed at the Davis 
Bridge Reservoir, which has a capacity 
of 14 inches on the drainage area. After 
the 1927 flood it could have taken an- 
other flood of equal size. It has a ca- 
pacity above the maximum operation 
level of 2 inches on the drainage area. 
Its spillway capacity is sufficient to take 
a flow greater than the maximum rate 
of the 1927 flood. 

The flood control features in these 
regulating reservoirs are no more than 
are inherent in all similar cases, and so 
long as the present state supervision of 
dam construction continues in New Eng- 
land such new reservoirs will furnish 
this valuable flood control assistance. 

Curves showing the elevation of the 
water in the Davis Bridge Reservoir for 
a number of years illustrate why ca- 
pacity will practically always be avail- 
able at the time of great floods. In the 
spring the regulating reservoir is well 
down to catch the spring runoff; while 
from the 1st of July to the following 
spring the reservoir is below the top, 
and it is principally during this period 
that the great New England floods of 
the past have occurred. 


The hydrographs of the Charlement 
gaging station on the Deerfield River 
show the effect of these reservoirs. In 
July, 1915, the Deerfield had a destruc- 
tive flood from a 4-inch rain giving a 
45,000 second foot flow. This was after 
the Somerset Reservoir was built but 
before the Davis Bridge dam was started. 
In 1927 the flood at this point was only 
33,000 second foot. Had there been no 
reservoirs the flow would have been over 
70,000 second foot, or 50 per cent more 
than the destructive 1915 flood. Such a 
flood would have destroyed miles of the 
railroad between Hoosac Tunnel and 
West Deerfield, to say nothing of other 
damage. In general, in New England 
where the storage basins are thoroughly 
cleared and burned before flowing the 
shores are not unsightly even when the 
water is drawn down. 

Before closing I wish to take a min- 
ute to describe very briefly a big, natural, 
flow-regulating system, the Great Lakes, 
and to speak of our biggest national flood 
regulation problem, the Mississippi. —The 
average flow at the outlet of Lake On- 
tario is about 225,000 cubic feet per sec- 
ond. This varies only about 30 per cent 
up or down, which is nearly an ideal con-— 
dition. Of course, it is easy to see this is 
made possible by the storage of the Great 
Lakes, which vary about 4 feet in eleva- 
tion over a series of years, the equivalent 
of about 16 inches storage on the drain- 
age area. The area of these lakes is a 
little under 100,000 square miles, or a 
third of the total drainage area. 

Keeping in mind the Great Lakes, let 
us consider the Mississippi. Congress has 
appropriated $325,000,000 to prevent 
future floods in the Mississippi Valley, 
and, of course, somebody is going to try 
to do it. To give the St. Lawrence River 
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complete storage regulation requires a 
water area of one-third the drainage area. 
A storage system on the same basis to 
handle the Mississippi flood situation 
would be equivalent to covering with 
water permanently the states of Iowa, 
Nebraska, Kansas, Missouri, Oklahoma, 


and Arkansas, or many times the area 


occasionally flooded under present con- 
ditions. The Mississippi floods may be 


produced by excessive runoffs from only 


a third of its drainage area, so that a 


storage system to be effective must be 
located in the lower stretches of the 


river, or else three times as much ca- 


pacity must be provided. Storage on the 
Ohio and Tennessee Rivers would not 


prevent a flood from being produced by 


the Upper Mississippi, the Missouri, the 
Arkansas, or the Red River. This prob- 


lem is not one of storage basins. Dredg- 


ing of channels, building of jetties, dykes, 
levees, bank protection, and other forms 


of improvement have been effective up 
to a certain point and greater expendi- 
tures along similar lines will doubtless 
accomplish still more. But complete 
flood control of the Mississippi River 
is too much in the luxury class even if 
physically possible. 

To sum up: 

I. Storage or detention reservoirs 
which have sufficient capacity to control 
a substantial proportion of the flood run- 
off or drainage area are the most effec- 
tive means of flood control. 

2. For streams of large drainage areas 
reservoirs cannot be expected to furnish 
the proper flood control solution. 

3. Each flood control problem is a 
specific problem and must be analyzed 
carefully to obtain the correct balance 
between flood occurrence, stream control, 
storage values, channel improvements, 
and property damages. 


ORGANIZATION AND ITS RELATION TO FIRE CON- 
TROL IN THE ANGELES NATIONAL FOREST 


By M. H. DAVIS 
Fire Dispatcher, Angeles National Forest 


‘THE PROBLEM 


>BHHE AREA embraced in the 
Angeles National Forest com- 
ej prises 690,540 acres, lying al- 
most entirely in the San Gabriel Range. 
Little in the way of mineral deposits 
occurs, and the chief value of the range 
lies in its relation to water conservation 
for the valuable agricultural lands lying 
between its base and the Pacific Ocean. 
The importance of this relationship be- 
comes apparent when it is realized that 
this mountain range is the sole source of 
irrigation water for these lands, probably 
the most valuable, acre for acre, in the 
United States. 

Water for irrigation comes from two 
sources—surface run-off and under- 
ground water obtained by pumping. 
The fact that practically the entire pre- 
cipitation comes at a time when it is least 
needed for irrigation makes natural or 
artificial water storage a prime neces- 
sity in the successful cultivation of these 
lands. While some artificial storage is 
projected and a few reservoirs have been 
actually constructed, naturally stored 
water is and always will be the chief 
source of supply. Flood control dams 
will be built, but they will act, not as 
storage reservoirs, but merely as a retard- 
ing agency to hold back the run-off, and 
by spreading the waters permit them to 
percolate slowly into the underground 
reservoirs, to be raised later by pumping. 

Other factors than seasonal distribu- 
tion of rainfall affect the situation. 
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Among them are the steepness of slopes, 
the shortness of the drainage channels, 
and even the non-porous nature of the 
rocks of which these mountains are com- 
posed. These factors cannot be changed. 
There is, however, another factor that 
is of outstanding importance in its re- 
lation to run-off, i. e., the extent and 
character of the cover growth of the 
entire drainage basin. This growth at 
present consists largely of brush, with 
scattered areas of timber in the can- 
yons. Merchantable timber occurs only 
in a few localities at the higher eleva- 
tions. This timber is of vastly greater 
importance for its esthetic value than it 
is likely ever to be for its conversion into 
lumber. It is probable that the timbered 
area at one time was of much greater 
extent than at present. Evidence in the 
form of stumps and partially burned 
logs proves beyond a doubt that not so 
many years ago many of the canyon 
slopes were fairly well timbered with 
pine, big-cone spruce, and probably other 
coniferous species. Whether this timber 
was dense enough to be now of com- 
mercial importance and whether it cov- 
ered the slopes in their entirety is not 
so easily ascertained, nor is the knowl- 
edge of great importance at the present 
time. It suffices to say that the present 
situation is the result of recurrent fires 
and that it will take infinite care and 
hundreds of years to restore the condi- 
tions that formerly prevailed. While 
planting on an extensive experimental 
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basis is urgently needed as the first step 
in bringing about a return to these con- 
ditions, it is even more important to pro- 
tect from fire the brush that has come 
in and now covers these slopes. In fact, 
this brush quite aside from its use as a 


“nurse crop, and from the standpoint of 
soil improvement, is of paramount im- 


portance in protecting both mechanically 
and by its shade the meager covering of 
soil and humus on these steep slopes and 


by adding to the soil through the dis- 
integrating effect on the rock fragments 


of root growth and the acids resulting 
from the decaying litter. 

Rains of this region are often of such 
torrential character as to cause erosion, 


the silting of stream beds, and the depo- 
sition of sand and boulders on valuable 
agricultural lands. 


For example, the 
rains of the winter of 1925, following 
the disastrous San Gabriel fire of 1924, 
resulted in a heavy washing of the slopes 
of the San Gabriel Canyon, the streams 


coming down from the burned areas car- 


rying with them over 60 per cent of 
solid matter, while in neighboring water- 
sheds the water remained perfectly clear. 
This presents a direct comparison and 
conclusively proves the value of the 
present cover as a water conservation 
agency and as an erosion preventive. 
Aside from its primary value as a 
water conservation agency, this Forest 
annually affords recreation to a vast 
throng of people. It is estimated that 
in 1928 more than three million people 
entered this Forest, over two million of 
whom were transient motorists and 
464,000 picnickers, the balance being 
made up of campers, hunters, fisher- 
men, and permittees. Approximately 
2500 special use permits are in force on 
the Forest for summer homes, resorts, 


and other recreational and business ac- 
tivities. 

Because of the important part which 
this Forest plays in the continued growth 
of Los Angeles County, both from an 
economic and recreational standpoint, 
the various cities and towns in the 
county take a deep interest in its ad- 
ministration and protection. Because 
the Forest embraces 26 per cent of the 
total area of the county and because of 
its vital relationship to the communities, 
the problem of administration and pro- 
tection is indeed a complex one. 


ADMINISTRATION OF THE Forest 


Responsibility for the administration 
and protection of the Forest is vested 
in the forest supervisor, with headquar- 
ters in Los Angeles, who is assisted by 
an “administrative” deputy and an 
“improvement”? deputy. The ‘ im- 
provement ”’ deputy is directly responsi- 
ble for the construction and maintenance 
of all improvement work on the forest. 
This consists of trails, fire breaks, tele- 
phone lines, buildings, etc. During the 
fire season he is in charge of a force 
of approximately 100 men thoroughly 
trained and hardened to work and in 
constant preparedness for fire suppres- 
sion activities. —These men are formed 
into crews of from 20 to 25 men each 
and put to work on improvement proj- 
ects at strategic points throughout the 
forest. All improvement camps are con- 
nected by telephone with the fire dis- 
patcher and temporary extension lines 
are maintained to the job so as to avoid 
delay in case of fire. 

The Forest is divided into five ranger 
districts, each in charge of a district 
ranger, directly responsible to the super- 
visor and charged with the administra- 
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tion, protection, and suppression of fires 
in his district. The district rangers are 
assisted during the fire season by a force 
of guards, patrolmen, and lookouts, and, 
during extremely hazardous periods, 
registrars. 

Guards and patrolmen operate under 
a definite patrol schedule and their 
whereabouts is therefore known at all 
times by the fire dispatcher, district 
rangers and other key members of the 
organization. They are charged with the 
responsibility of contacting all campers, 
sportsmen, hikers, and other Forest visi- 
tors, cautioning them in regard to com- 
pliance with existing laws and regula- 
tions, and particularly the prevention 
of fires. 

In addition, a number of lookout sta- 
tions located on high peaks at strategic 
points throughout the Forest are manned 
during the summer months by fire look- 
outs who are responsible for the prompt 
detection and accurate report of all fires 
occurring within their range of visibility. 

During periods of extreme hazard, 
brought about by low humidity, high 
temperature, and dry north winds from 
the desert, registrars are put on duty at 
the principal points of entry into the 
Forest. They are responsible for the 
registration of persons entering the 
National Forest and for the issuance of 
warnings to comply with fire laws and 
regulations. Particular emphasis is put 
on the “no smoking ” regulation which 
prohibits smoking within the Forest ex- 
cept at public camps and places of habi- 
tation. 

The fire control plan for the Forest 
is built around a central dispatching 
system with a fire dispatcher, responsi- 
ble to the forest supervisor, stationed 
in Pasadena. This man is strategically 
located with regard to labor, supplies, 
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equipment, transportation, and other 
fire suppression requisites. It is his re- 
sponsibility to initiate the necessary ac- 
tion on fires and, upon the arrival of the 
district ranger on the scene of the fire, 
to furnish men, supplies, equipment, and 
other necessities in accordance with the 
instructions of the district ranger. In 
addition, he is charged with the main- 
tenance during the fire season of a con- 
tinual check on the entire organization 
and communication system, together 
with the fire agents and codperative or- 
ganizations. He keeps all concerned ad- 
vised as to climatic conditions, status of 
fires, and other pertinent information. 
He maintains a continual contact with 
the lookouts and receives from them 
reports on humidity, temperature, wind 
velocity and direction, and atmospheric 
conditions. Current Forest news, par- 
ticularly fire warnings and reports on 
going fires, are issued to the press. This 
enables the issuance, from a central 
point, of accurate fire information and 
prevents the publication of exaggerated 
and false reports. 


It is also the responsibility of the fire - 


dispatcher to assist in the training of 
the protective force and, in codperation 
with the district rangers, to line up and 
train the codperative organizations to 
insure constant preparedness for prompt 
and efficient action in case of fire. 


COGPERATIVE ORGANIZATION 


In addition to the regular Forest Ser- 
vice organization, the force is augmented 
by outside codperation in the form of 
individuals, groups, and organizations 
awake to the necessity for protecting the 
National Forests and mountain areas in 
the county. 

From the standpoint of successful fire 
control, the prompt arrival of fire 
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fighters, equipment, and supplies, is of 
paramount importance. With this in 
mind, a system of fire agents, or forward- 
ing agents, is maintained with represen- 
tatives in most of the towns adjacent to 
the Forest. These men, ordinarily the 
local police chiefs, fire chiefs, or other 
authoritative representatives, by written 
agreement with the Forest Service, are 
authorized, upon call from the fire dis- 
patcher or district rangers, to furnish 
men, equipment, supplies, and transpor- 
' tation, as needed. 

Los Angeles County* maintains the 
largest county forestry department in the 
United States for the protection of for- 
ested and brush-covered areas in the 
county, outside of the National Forest, 
-and for the enforcement of the county 
fish and game laws. This organization 
codperates very extensively with the 
Forest Service. A codperative agreement 
is executed annually which defines re- 
sponsibilities in regard to the areas ad- 
jacent to the boundaries, adjustment of 
fire-fighting costs, and other pertinent 
conditions, and this procedure has been 
satisfactorily followed for several years. 
This department is well equipped for 
fire suppression and in case of major fires 
within the National Forest has promptly 
responded with personnel and equipment 
to assist with the suppression work. 

A codperative agreement is also en- 
tered into by the Forest Service with 
the Angeles Forest Protective Associa- 
tion. This organization was originally 
formed to assist in the work of secur- 
ing the necessary overhead for major 
fires including camp bosses, crew lead- 
ers, timekeepers, etc., and at the present 
time is one of the leading organizations 


1“ Forestry in a California County,” by 
E. R. Stanford in Jour. of For., Vol. 24, No. 5, 
1926, pp. 569-573- 


in conservation work in southern Cali- 
fornia. Monthly meetings are held 
which are attended by the directors of 
the organization representing the vari- 
ous towns, and by representatives from 
the Forest Service, County Forestry De- 
partment, State Board of Forestry, and 
others. At these meetings plans are 
formulated for the carrying out of con- 
servation work and for the support of 
the agencies responsible for the admin- 
istration and protection of the mountain 
areas. This organization has rendered 
an extremely valuable service, not only 
in furnishing man power on fires, but 
particularly in sponsoring and securing 
the passage of legislation and in arousing 
public interest and support in fire pre- 
vention and forest protection matters. 

The American Legion Post of Pasa- 
dena has formed a fire unit of 25 men 
qualified to serve as camp bosses, time- 
keepers, crew leaders, assistant dis- 
patchers, telephone men, and a trans- 
portation division. ‘This organization 
responded during the critical emergency 
of 1928 and forcefully demonstrated the 
value of preparedness. 

In addition to the above, many local 
organizations stand ready to cooperate 
in any way possible—support that plays 
a very important part in fire control in 
Los Angeles County. 


FirE PREVENTION 


Inasmuch as approximately 85 per 
cent of the fires are man-caused and are 
therefore preventable, the popular adage 
“An ounce of prevention is worth a 
pound of cure” is particularly applica- 
ble to this problem of fire control. 

Using this theory as a basis, a concen- 
trated effort has been made to create in 
the minds of the general public a “ fire 


conscience.” As a result, the citizens 
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have a fuller and better understanding 
of. the problems involved and their di- 
rect relationship to these problems. 
Newspaper publicity, radio talks, lec- 
tures, motion pictures, and essay con- 
tests have all been used to excellent ad- 
vantage. It is a fact that as a result of 
the educational campaign during the 
past few years the need for fire preven- 
tion and for the utmost care in the 
handling of fire in the mountains has 
been “sold” to the general public. Par- 
ticular emphasis has been put on the 
educational work with the school chil- 
dren with the idea that the younger 
generation are the adults of tomorrow 
and will be the ones upon whom we 
must depend for the carrying on of the 
work. Experience has shown that the 
school children, if properly inspired, 
will carry the message to parents and 
neighbors and will themselves take a keen 
interest in fire prevention work. ‘There 
is no question but that the efforts along 
this line have been well repaid and that 
a continuation of this work is not only 
highly desirable but absolutely necessary. 

As the result of studies made in con- 
nection with causes of fires, points of 
origin, and other factors having to do 
with the fire control problem, it has been 
found that one method of preventing a 
very large proportion of man-caused fires 
is not only to control the actions of man, 
but also to put the forest in such a con- 
dition that it will be as nearly impossible 
for a fire to start as it is humanly possible 
to make it. 

From these studies have been evolved 
the important jobs of hazard reduction. 
Each ranger has listed, for his district, 
all conditions therein which constitute a 
fire hazard and a definite plan of action 
has been initiated for their elimination. 
In this connection, an annual inspection 
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is made of the premises of all special use 
permittees, covering inflammable growth 
on the areas, condition of spark arresters, 
stovepipe flues, outside fireplaces, etc. 
An annual clean-up of the premises is 
required and all burning in connection 
therewith is done under permit and, 
where necessary, under the direct super- 
vision of a forest officer. 

Public camp grounds are maintained 
in as nearly a fireproof condition as 
possible and all camping and building 
of camp fires is restricted to these areas. 
Shovels are provided for the use and 
convenience of the campers, but pri- 
marily for the burial of all fires after 
extinguishment with water. During the 
summer months campers are required to 
carry with each automobile or pack out- 
fit a shovel and an axe. Smoking is re- 
stricted within the Forest during this 
period to public camp grounds and places 
of habitation. 

Road rights-of-way are cleared on 
either side for a safe distance of inflam- 
mable material, which constitutes a haz- 
ard from carelessly discarded matches or 
tobacco, or from sparks from automo- 
bile exhausts. It is felt that this work 
alone has been responsible for the pre- 
vention of a large number of fires that 
a few years before were a common oc- 
currence along the main traveled roads., 

Los Angeles County and a number of 
the municipalities have passed ordinances 
regulating the burning of rubbish, brush, 
and the like, smoking in hazardous areas, 
discharge of fireworks, and other fire 


prevention measures which greatly fa- 


cilitate the handling of fire prevention 
work. 
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Fire prevention and hazard reduction, 


therefore, constitute an effective means 
of reducing the number of fires and too 


ee 
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much emphasis cannot be placed on the 


importance of this work. 


PreE-SUPPRESSION 


All work in connection with fire sup- 
pression up to the point where action 
starts on an actual or reported fire is 
included under the heading of pre-sup- 


- pression. 


Inasmuch as the administrative or- 
ganization on the Forest is, in fact, 
merely a nucleus organization, so far as 
the control of major fires is concerned, 
the preparation for the combat of such 
fires must be made with a view to ex- 
panding the organization quickly to meet 
emergencies. In line with this policy a 
great deal of time is devoted during the 
winter season by the fire dispatcher, 
jointly with the district rangers, to or- 
ganizing the available outside labor and 
overhead, through the various fire agents, 
and particularly in the training of the 
men available for the overhead positions. 
This applies especially to the men quali- 
fied to serve in the capacity of camp 
bosses, timekeepers, crew leaders, and 
assistant dispatchers. “Through proper 
training, this outside force is made fa- 
miliar with the work to be done so that 
when emergencies occur the men are put 
in their proper places and carry out the 
work without the loss of time. 

Speed in initial action, efficient or- 
ganization, and dependable service of 
supply constitute the three primary 
requisites for successful fire control. All 
work of training, both within the Forest 
Service organization and with outside 
codperators, is carried out with this fact 
in mind. 

The training of the Forest Service 
personnel itself is continuous and inten- 
sive. Annually, prior to the beginning 


of the fire season, the protection force 


on the Angeles National Forest enters 
into a three-day training period during 
which the entire subject of fire control 
is gone into in minute detail. Fire pre- 
vention, pre-suppression, and suppres- 
sion are covered, both by class-room 
lecture and by field demonstration and 
practice. During the winter season bi- 
weekly meetings are held for round 
table discussions of fires during the past 
season and the formulation of plans 
during the coming season. Such review 
of past practice and policies discloses 
weaknesses to be avoided and enables 
each man to profit from the experiences 
of the other. Each spring the fire plan 
of the Forest is revised and issued to 
every member of the Forest force. This 
plan sets forth in detail the place and 
responsibilities of every man in the or- 
ganization, and gives definite instruc- 
tions which must be fully complied with. 
This definite statement of objectives, 
standards, and procedure, acquaints 
every man with the facts necessary to 
the satisfactory performance of his 
duties. 

It can readily be seen that the service 
of supply on fires, and particularly on 
major fires, is of paramount importance, 
and that failure in this respect in all 
probability would be reflected in the 
work done on the fire line. In order 
to prevent congestion in the handling 
of requisitions for men, equipment, and 
supplies after the completion of initial 
action, it is mecessary to have the 
dispatching system built up in such 
a way that it can be immediately ex- 
panded, not only without loss of time, 
but without interruption of service. 
Preparedness in this respect is absolutely 
essential, and for the Angeles National 
Forest the system is maintained on a 
one-man basis for normal conditions with 
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provision for expansion to any required 
point, which, as was the case during a 
critical 10-day period in 1929, may re- 
quire the immediate installation of ad- 
ditional telephones, the securing of in- 
creased working room, and additional 
help. 

The service of supply has been segre- 
gated into four units—labor, equipment 
and supplies, transportation, and com- 
munication, each unit being completely 
covered by card index in separate con- 
tainers. During normal periods the 
fire dispatcher is able to handle all work 
efficiently with facilities at hand. In 
case of emergency, experience has shown 
that communication without interrup- 
tion is of primary importance if delay 
is to be avoided. With two telephones 
available for normal fire administration, 
one is utilized for incoming calls and 
one for outgoing calls, but, upon ex- 
pansion, these two telephones are main- 
tained strictly for incoming messages 
and additional instruments are installed 
as required for outgoing calls. This pro- 
vides for uninterrupted service. 

Provision for additional personnel for 
expansion of service of supply is made 
by the training of volunteer codperators, 
qualified to handle the work, so that 
in case of emergency these men may 
be called upon to step in and take over 
any unit of this service, under the super- 
vision of the dispatcher, without inter- 
ruption of any kind. This procedure was 
actually carried out during the 1928 fire 
season, when a force of six assistant dis- 
patchers and messengers was used, addi- 
tional rooms were taken over, and four 
additional telephones installed. Orders 
were received and filled night and day 
from the four southern California For- 
ests for men, equipment, supplies, trans- 


portation, airplanes for reconnaissance, 
and the like. 

To provide for emergencies the For- 
est Service maintains a supply depot near 
Pasadena where a large quantity of fire- 
fighting equipment is stored for the 
southern California Forests. Ready for 
immediate shipment, night or day, this 
reserve supply plays an important part 
in fire control in that axes, shovels, can- 
teens, blankets, telephone wire and in- 
struments, portable pumps, fire hose, 
backfire torches, lanterns, and other 
necessary equipment are centrally lo- 
cated and available without loss of time 
when needed. Upon return from fires 
this equipment is immediately recondi- 
tioned and made ready for further use. 
Worn-out or broken equipment is con- 
demned and replaced by new equipment. 


SUPPRESSION 


The objective in suppression for the 
Angeles National Forest is to confine 
every fire that may start to the smallest 
possible acreage and in no case to fail 
to control the fire before the heat of the 
second day. The number of men to be 
placed upon any fire will be governed 
by the number necessary to attain this 
objective. A further goal of accomplish- 
ment is to reduce the area burned an- 
nually to one-tenth of I per cent, or less. 

As stated before, speed in initial ac- 
tion, efficient organization, and depend- 
able service of supply constitute the fun- 
damental requisites for successful fire 
control. 

Speed in initial action is, of course, 
dependent upon prompt and accurate re- 
port of fires. The backbone of the de- 
tection system on the Angeles National 
Forest is the series of lookouts, aug- 
mented by the balance of the organiza- 
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tion composed of guards, patrolmen, and 
rangers, and also by the codperation of 
outside organizations and the general 
public. The central dispatching system 
affords a central point for action and 
especially for the prompt report of fires. 
Smoke location readings from two or 


more lookouts enable the dispatcher, by 


using the triangulation system, to locate 
the fires within a radius of a quarter 
of a mile, but in nearly all cases the 
definite location is given with the first 
report. This is brought about by the 
training of the organization in thor- 
ough observation and accuracy. 

Initial action, upon report of the fire, 
is speedily brought about by the prompt 
dispatching of the necessary equipment, 
fire fighters, crew leaders, timekeepers, 
camp bosses, and forest officers. ‘The 
speed with which this is done depends 
upon the preparedness of the dispatcher, 
who knows at all times the whereabouts 
of all forest officers. For initial fire 
fighters the various improvement crews 
on the Forest are always instantly avail- 
able by telephone communication. Out- 
side labor is secured through the fire 


agents in the communities nearest to the 
fire. In order to distribute the burden 
of furnishing fire fighters the Forest has 
been divided into zones, and the respon- 
sibility for furnishing fire fighters for 
these zones placed upon certain desig- 
nated communities. Laborers for these 
zones are secured on a three-alarm basis, 
depending upon the size of the conflagra- 
tion. Crew leaders, timekeepers, camp 
bosses, and other overhead are secured 
through the fire agents, Angeles For- 
est Protective Association, American 
Legion, and other sources. Transporta- 
tion for initial action is ordinarily han- 
dled by Forest Service motor vehicles, 
and fire equipment is maintained on three 
trucks stationed at strategic points and 
ready for immediate response upon call. 


ORGANIZATION ON FIRES 


No attempt will be made to discuss in 
detail the responsibilities of the various 
positions necessary to the proper super- 
vision of personnel on a going fire, but 
the accompanying chart shows the re- 
spective positions and their relation to 
the plan of action. 


ORGANIZATION CHART 
LarGE FIRreEs 


Chief District Ranger 
in full ee of fire 


Scouts 


Assistants 


Service : Supply 
a 


Communication . Labor 


Equipment and Supplies 


Transportation 


Sector and Division Bosses 


Camp Bosses 


| 


Scouts and Messengers 


Crew Leaders 


| 
Fire Fighters 


Sa a ee Te ee 
| 


| 
Time Keepers Cooks 


Water and Grub Bucks 


Tool Men Messengers 


GROWTH AND ITS RELATION TO THINNING 
SAMPLE PLOT STUDIES IN MIXED HARDWOOD STANDS 


By C. H. GUISE 
Department of Forestry, Cornell University 


INTRODUCTION 


Ze THE spring of 1914, three 


Wis ms sample plots were established 
[22 Seg by the Department of Forestry 
at Cornell University in a 30-acre wood- 
lot near Mapleton, Cayuga County, 
N. Y. The project was initiated 
with a view to studying the relation 
of thinnings of various grades to mor- 
tality, to subsequent growth in both rate 
and amount, and to the general behavior 
of the stands in future years. One of 
the plots was left untouched in order to 
compare thinned and unthinned stands. 

The plots have been remeasured three 
times, a period of 5 years elapsing be- 
tween the reéxaminations. The results 
of the first remeasurement, made in the 
spring of 1919, were presented in the 
JOURNAL OF Forestry for May, 1921, 
(Volume XIX, No. 5), in an article 
with the same title as this. The results 
of the second periodic remeasurement, 
made in the spring of 1924, appeared in 
the JOURNAL OF Forestry for Febru- 
ary, 1925, (Volume XXIII, No. 2), 
again under the same title. 

The third periodic remeasurement 
was made in the spring of 1929. The 
tables and discussion that follow present 
the results secured after 15 years of 
growth, and compare and analyze the 
behavior of the stand as represented by 
the sample plots under observation. 

The woods in which the plots are lo- 
cated are approximately 40 years old. 


A clear cutting about 25 years prior to 
1914, the year of the establishment of 
the plots, had resulted in an even-aged 
stand about 30 feet in height, composed 
of both seedlings and sprouts, and with 
a mixture of the following species: hard 
maple, soft maple, basswood, hickory, 
elm, red oak, white oak, white ash, yel- 
low poplar, butternut, black cherry, and 
ironwood. The soil is a rich silt loam, 
deep and well drained over most of the 
area and of unquestioned value for agri- 
culture. The excellent quality of the 
soil is a factor to be kept in mind in 
analyzing the results presented in the 
tabular statements. 

For a full description of the plots, 
reference should be made to the Jour- 
NAL for May, 1921, but it may not be 


out of order to copy the following two © 


paragraphs: 


“Although the number of species was 
large, the way in which they were scat- 
tered rendered the selection of plots of 
uniform character fairly easy. Density 
of stand, age, and height were the same 
throughout, and all trees were found in 


extremely thrifty and healthy condi- 
tion.” 


‘Three square plots, each one-quarter 


acre in area, were laid out, each one be- 


fe 


ing surrounded by a strip 30 feet wide, — 


these adjacent strips being accorded the 
same treatment as the plots. Corners 
were marked with 5-inch cedar posts. 
Plot I was untouched, being left as a 


check. Plot II was heavily thinned, and 


Plot III lightly thinned.” 
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GROWTH AND ITS RELATION TO THINNING 


NuMBER OF TREES AND MortTaLity 


All trees 3 inches D.B.H. and over 
were tallied. Table 1 is of particular 
interest in showing that many of the 
smaller trees have grown into the 3-inch 
class during the past five years, none 


BA 


plot as against 53 and 58 per cent after 
the 1914 thinning. To be sure, the ad- 
ditional trees are small, but they form 
the foundation for future cubic volume 
and it should be pointed out that the 
thinned plots have already supplied 11.4 


TABLE 1 


NUMBER OF TREES PER ACRE, 1914-1929 


After thinning 


Before 
Plot Treatment thin- 1929 
yerests 1914 1919 1924 Origi- {| Addi- 
: nal tional Total 
trees trees trees 

I REE Ola tevc ayer nin hare a che AN o's 652 652 620 580 508 104 612 

ite Heavily Thinned .:....... 760 344 332 328 328 160 488 

is) Lightly Thinned ...5...... 660 376 376 376 356 200 556 

TABLE 2 
ADDITIONAL TREES REACHING THE 3” D. B. H. CLASS IN 1929 
Species Pilot I Plot II Plot III 

PeAEGMIVER DIC tat cars ie cess vcs sed ele ea 7 14 8 
PSA sfalefils «ator iaic lo ae Slo a2 Sls os 8 II 12 
BITCKOLY MPa cease ait Yeas oe sve eee 6 4 5 
PU aati pear teain oie sone 7el 10's foie /o.0 oilers Gis 5 3 
ESM a tele sicleks/S n,ardiace © one, 40 214 8'e,0.0.8 50 2 2 I 
ROU EDE AM Ses cue cals o's Sie'a o.9-6.0:0'5,5% 0's Sic 3 3 20 
PES iy CINE gal stelle aio. aac «0.0 clei sie. $a) a isiee.e. <0 I ae 
Rack S072 0 OS Breton acon ne cee I 
Blnoealt cleric oa hinle ic tito sisiate detections 26 40 50 


having done so up to the time of the 
previous remeasurement in 1924. (The 
1929 figures, unless qualified by “ ad- 
ditional trees” or “all trees,’ always 
- refer to the original trees.) With these 
additional trees, the number of trees in 
Plots II and III now constitutes 80 and 
gi per cent of the number in the check 


and 8.2 cords of wood per acre in the 
trees removed in thinning, while the 
mortality in Plot I represents an entire 
loss. 

Table 2 shows the additional trees by 
species. The larger number of the valu- 
able hard maple, basswood, and hickory, 
totaling respectively 80, 72, and 50 per 
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cent of all the new trees in Plots I, 
II, and III, is worth noting. 

Three points stand out in Table 3, 
in which the additional trees are not in- 
cluded: First, the loss of 72 trees per 
acre on the check plot in the last five- 
year period; second, the high mortality 
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measurements, and also the current an- 
nual diameter increase in both inches and 
percentages. 

While the data in the tables are self- 
explanatory a few points should be noted. 
At each periodic remeasurement the 
actual diameter of the average tree is, 


TABLE 3 


MORTALITY PER ACRE IN TREES LEFT AFTER THINNING IN 1914 


i ne 


1914-1919 1919-1924 1924-1929 1914-1929 
Plot Pp p P P 
er er er 2 
Number Kent Number peer. Number ages: Number cae 
I 32 4-9 40 6.4 72 12.4 144 22.1 
II 12 3-5 4 1.2 ° ° 16 4.6 
Ill ° ° ° 20 5-3 20 5.2 
TABLE 4 
DIAMETER GROWTH, 1914-1929 
Actual D. B. H. in inches Current annual increase in D. B. H. 
After thinning Inches Per cent 
Plot Before 
thin- 1929 | 1914 | ro19 | 1924 | 191 
Cosi Ig! 
ning! ror4 | 1919 | 1924 to to to be hy os Meg a! 
ees 1919 | 1924 | 1929 | 1929 1919 | 1924 | 1929 | 1929 
I 4-62] 4.62] 5.32] 6.00] 6.63] .140] .136| .126] .134]| 3.03 | 2.56] 2.10] 2.90 
II 3-97] 4-68] 5.85] 6.60] 7.28] .243]| .150| .136] .173 | 5.00| 2.56| 2.06] 3.70 
Ill 3-70| 4.80] 5.74| 6.34] 7.00| .188] .120|] .132] .147]| 4.00] 2.09| 2.08] 3.06 


since 1914 of 144 trees (22 per cent) 
per acre in the unthinned plot as con- 
trasted with 16 and 20 trees (4.6 and 
5.2 per cent) per acre in Plots II and 
III; third, the lack of any significant 
or appreciable difference btween the 
thinned plots. 


DIAMETER AND BASAL AREA GRowTH 


Table 4 presents the diameters of the 
average trees at the times of plot re- 


with one exception (1914), largest in 
the heavily thinned plot. The diameter 
of the average tree in the lightly 
thinned plot, with the exception in 1914, 
is next, while that of the average tree in 
the unthinned plot is always the smallest. 

In comparing the rates of diameter in- 
crease it will be noted that the greatest 
differences in growth rate were found 
in the period from 1914 to 1919. Since 
1919, the rate of increase has, in both 
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inches and percentages, come to be almost 
the same. In fact, during the last five- 
year period the differences in diameter 
growth have become so small as to be 
of no significance. 


For the 15-year period as a whole the 
mean annual in diameter is 
greatest in both inches and percentages in 
the heavily thinned plot, second in the 
lightly thinned plot, and least in the un- 


increase 


TABLE 5 


BASAL AREAS IN SQUARE FEET PER ACRE, 1914-1929 


After thinning Per cent of Plot I basal area 
Before moved 
Plot | thin- Mp roam, 1929 
ning thin- SR a ~~ 
ning 194 1919 1924 ei Au 1914 | 1919 | 1924 ae Au 
trees trees 
ee GS OS in aie «5:0 76.05] 95.85 | 113.68 | 121.92 | 127.26] 100 | 100 | 100 | 100 | 100 
Il | 77-15| 35-77] 41-38] 62.17] 77.45] 94.79| 109.09] 55 | 65 | 69 | 77 | 87 
III | 68.88] 21.30| 47.58] 67.59| 82.00] 95.76| 108.29] 62 70 72 79 93 


In explanation it is suggested that the 
mortality in Plot I has been particularly 
heavy in the small, overtopped, slow- 
growing trees, and has thereby raised the 
average growth of those remaining. 


thinned plot. The percentages of 3.70, 
3.06, and 2.90 are of decided interest. 
But little comment is required with 
respect to Table 5 showing basal areas. 
Using the check plot as a basis in each 


TABLE 6 
VOLUME PER ACRE BEFORE AND AFTER THINNING, I914 


Before thinning 


Plot 
Cu. ft. Cords 
I 1480 17.41 
II 1778 20.91 
Ill 1624 19.08 


After thinning Removed 
Cu. ft. Cords Guy tt, Cords 
1480 17.41 tone Aion 
805 9-47 937 11.44 
925 10.88 699 8.20 


Furthermore, it is not improbable that 
the value of the thinnings made 15 years 
ago has largely disappeared. The crowns 
of the dominant and intermediate trees 
‘have practically closed at the present 
time, and possibly a second set of thin- 
nings will soon be necessary to aid in 
further increased growth. 


case, it is of interest, however, to note 
the way in which the other two plots 
have decreased the gap that existed in 
1914. 

The increase in Plot II from 55 per 
cent to 77 per cent with the original trees, 
and to 87 per cent including the addi- 
tional trees, stand out. Plot III shows an 
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increase from 62 per cent to 93 per cent 
including the additional trees. The 
gradual increase of basal area in each 
of the thinned plots, and the heavy mor- 
tality in the check plot, would indicate 
that another five-year period would 
bring the basal area in Plots II and III 
very close to that in Plot I. 


HEIGHT GROWTH 


nant trees. These show a height of 30 
feet in 1914, 40 feet in 1919, 50 feet in 
1924, and 60 feet in 1929 in all of the 
plots. The average height of all trees 
would naturally be somewhat lower 
in Plot I than in Plots II and III since 
the unthinned plot has a much larger 
number of overtopped trees. 


VoLUME GROWTH 
Table 6 shows in both cubic feet and 


cords the volume before and after thin- 
ning, and the volume removed in thin- 
ning. All of the latter was used or sold 
for cordwood. The amounts removed, 
11.44 cords (55 per cent of the stand) 
from Plot II, and 8.20 cords (43 per 
cent of the stand) from Plot III, should 
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be kept in mind when analyzing present 
volumes. 

Table 7, giving the actual volume of 
the average tree in cubic feet, shows 
that the individual tree in the heavily 
thinned plot is largest in every instance, 
except in 1914. The volume of the in- 
dividual tree in the unthinned stand is 
always the smallest. 

Table 8, showing the volume per acre 
after thinning is of interest as indicat- 
ing the amounts that may be expected at 
ages of 25, 30, 35, and 40 years as a 
result of silvicultural treatment. The 


TABLE 7 


VOLUME OF AVERAGE TREE IN CUBIC FEET, 


1914-1929 

Plot 1914 1919 / 1924 1929 
I a. 27 3.01 4.00 5.52 
II 2.34 | 3.65 6.871 1_7.5a 

Ill 2.46 $.52 5.00 | 6.90 


unthinned plot still has a considerably 
larger volume per acre than either of the 
thinned plots, but it should be remem- 
bered that there was a considerably lar- 
ger base upon which increment could 


TABLE 8 
VOLUME PER ACRE, 1914-1929 
$$$ $s SL EEE 


AIO 


Cubic feet Cords Per cent of Plot I Volume 
tr ea ee 
Plot 1929 1929 1929 
1914 | 1919 | 1924 re 1914 1919 1924 | Origi 1914|1919/ 1924 
rigi- Orig- 
trees n Pos! He Piss 
trees trees | TESS 
ee eee 
: 1480 | 1886 | 2343 | 2804 | 17.41 ' 21.95 | 27.57 | 33.00 | 33.21 | 100 | 100 | 100| 100| 100 
805 | 1212 | 1925} 2460| 9.47| 14.26 22.65 | 29.00} 29.33 | 54| 65| 82| 87| 87 
Ill 925 | 1324 | 1880 | 2453 | 10.88 | 15.57 | 22.10| 28.86 29.31 | 62| 71| 80] 87] 88 
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be produced (1914 volumes). The gap 
is not being closed as rapidly as indica- 
tions of five years ago suggest; in fact 
the differences between the volumes in 
Plots II and III as compared with Plot I 
have remained almost the same during 
the past five years. 

It is also of importance to note that 
the two thinned plots now show almost 
identical volumes per acre. The infer- 
ence might well be drawn that the thin- 
nings of 1914 are no longer of much 
effect in influencing the volume growth 
in these plots today. 


Including the trees which have grown 
into the 3-inch D.B.H. class, the cur- 
rent annual increment per acre in cords 
is raised slightly, though the relation- 
ships between Plots I, II, and III remain 
the same. 

The percentages for each five-year pe- 
riod and for the 15-year period show the 
smallest volume increase in the unthinned 
stand. With the exception of the period 
from 1924 to 1929, the highest rate is 
in the plots heavily thinned. The rate 
of growth in the lightly thinned plot is 
intermediate. 


TABLE 9 


CURRENT ANNUAL INCREMENT PER ACRE, 1914-1929 


Cubic feet Cords Per cent 
Plot 1914 1914 
1914] 1919 1924 | 1914 |19I9 | 1924 | 1914 | to I9Ig | 191g | 1924 | Ig14 to 
to to to to to to to 1929 to to to to 1929 
I9Ig| 1924 1929 | 1919 | 1924 | 1929 | 1929 | All 1919 1924 | 1929 | 1929 ll 
trees trees 
I Wises Se2n92 +O)! 190) .93)) 1.09 |x 204)/1.T21'5.20 94.25) 3295.1 592) 6.45 
igi $1.4| 142.6 107.0]. .96 | 5.67 | 1.26 ]\1.30| 1.32 | 10.12) 11.70) 5.56 | 13.74.) 13.90 
III Foes ert 2 N15.) 294) TeAl | 1.35 2-19 | 12233) 8.62) 8.00 6.10) 10.94 | 10.28 
The fact that the volume in Plots II CoNCLUSIONS 


and III has increased from 54 and 62 to 
87 per cent of that in Plot I in the 15 
years is significant. The largest increases 


- occurred during the first 10 years. 


The current annual increment in 
volume, shown in Table 9, continues at 
the rate of over one cord per acre. In 
Plot I, the increment has increased since 
the 1924 remeasurement from .93 of a 
cord to 1.09 cords, which is but slightly 
below that in Plot II. Plot II shows a 
considerable decrease, though the mean 
annual increment over the 15-year 
period, in both amount and percentage, 
is above that in the other stands. 


It seems safe to conclude that for a 
short period of time, 10 to 15 years, thin- 
nings in young, even-aged, mixed hard- 
woods in central New York may result 
in a stimulation of growth in both di- 
ameter and volume. To a certain point 
a heavy thinning will stimulate growth 
to a greater extent than a light one. It 
is obvious that the thinning should not 
open the stand to an extent where site 
deterioration will begin. 

It also appears after 15 years that the 
influence of the thinnings in stimulating 
growth no longer has much effect. The 
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unthinned stand is growing at approxi- 
mately the same rate as those in which 
thinnings were made, and maintaining 
its greater volume per acre. This prob- 
ably indicates that a second set of thin- 
nings will soon be desirable. 

From every external appearance, the 
trees and soil in the two thinned plots 
are in excellent condition. They have 
already supplied cordwood to the extent 
of 11.44 cords and 8.2 cords per acre, 
and the remaining trees now have a 
volume within four cords of that in the 
unthinned stands. Practically no loss in 
mortality has occurred where thinnings 
were made, as contrasted with a total 
loss of 22 per cent of the trees in the 
unthinned stand. 
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A second set of thinnings will prob- 
ably be made following the remeasure- 
ments in 1934. At that time a fourth 
summary of results will be presented, 
and should be of considerable interest in 
that it will not only give additional data 
on mortality and growth of the original 
stand, but will also show the possibili- 
ties of a second set of thinnings, and the 
increasingly important part that the 
younger trees, which have developed into 
the 3-inch class, are to assume. 

The results of this study are obviously 
of limited use. Similar conditions of 
site, age, and forest cover, are, however, 
not unusual in west central New York 
State, and to such areas of forest growth 
the data should find direct application. 
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THE QUADRAT 
By WM. G. McGINNIES 


Assistant Range Examiner, U. 8. Forest Service 


4 fm~n HE BASIC principle underly- 

ing the use of quadrats in the 
nq study of range conditions is 
that the vegetation represents a balanced 
summation of all the factors acting to 
produce such vegetation. Any change in 
the relative action of these factors will 
bring about changes in the vegetation. 


As it is a rather large job to cover any 
considerable area intensively, plots one 
meter square are usually used for quadrat 
work. To secure the best results very 
careful and complete records must be 
kept, because even under the most fa- 
vorable conditions the changes in the 
vegetation may be small and difficult 
to interpret. It is far better to handle 
a few quadrats carefully than to cover 
a good many hastily. 


LocaTING QuUADRATS 


The possible location for quadrats 
should be given very careful study be- 
fore they are actually laid out in the 
field. 

The area chosen should first be repre- 
sentative of certain grazing use condi- 
tions, or of the specific conditions under 
study. Next a decision should be reached 
as to the most important type or types 
and the quadrat laid out in a typical por- 
tion. Where quadrats are used as a check 
on the results of certain use conditions it 
is advisable to have at least one quadrat 
in each of the major types, such as bot- 
tom, hillside, and upland, as well as in 
timber and open grassland if they are 
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represented by extensive areas or are 
otherwise of major importance in man- 
agement. 

As stated above, the quadrat should 
represent the average of conditions which 
it is wished to study. For example, to 
receive average intensity of grazing it 
should not be located too close to any 
road, trail, or natural passageway un- 
less this is the condition which it is de- 
sired to study. If a quadrat is to repre- 
sent bottomland it should represent 
typical bottomland and not semi-bottom- 
land. Likewise it is better to locate a 
quadrat near the middle or a hillside 
rather than near the top ,or bottom. 
Further a quadrat should be placed so 
as to represent complete timber type con- 
ditions or typical open grassland con- 
ditions, it is difficult to arrive at definite 
conclusions where local conditions are 
complicated. 

The equipment needed for laying out 
a quadrat includes quadrat straps, sur- 
vey pins, pegs, and a steel tape or mea- 
suring stick. 

The usual procedure is to first map 
out roughly on the ground with a stick 
or pin the approximate boundaries of the 
proposed quadrat. Then check the vege- 
tation to see that the important species 
are present in the area. If the desired 
conditions are found the four quadrat 
straps are fastened together by survey 
pins in their end holes forming a square 
and placed in the desired location, push- 
ing the pins in the ground. To square 
the area a steel tape should be used to 
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measure the diagonals; when these are 
equal the area is a perfect square. The 
permanent iron pegs may then be driven 
in place so that each is against the angle 
formed by the ends of the straps. One 
inch angle-iron pegs cut about 10 inches 
long are best for this purpose but are 
rather expensive. Three-eighths or half 
inch round iron pegs of the same length 
will be found satisfactory. The pegs 
should be driven down until about two 
or three inches remain above ground. 

All quadrats should have a guide stake, 
pile of rocks, or bearing tree located not 
closer than 30 feet in order that the 
quadrat may be easily located. If pos- 
sible all such markers should be due 
north of the quadrats and should be ac- 
curately described in the notes as to di- 
rection and distance from the quadrat. 
The importance of locating these markers 
accurately can only be appreciated after 
one has spent an hour or two searching 
for a quadrat. 

Avoid placing any conspicuous object 
close to the quadrat as stock may be 
attracted to it and cause excessive graz- 
ing. 

Iron pipe about three feet long painted 
white makes very good markers. Other 
material may be used but it should be 
selected with a view to permanency and 
anything which might be rubbed down 
or which might rot off should be avoided. 

This marker or guide stake should be 
carefully tied in by compass and pacing 
with some prominent object. It has been 
found that they can be rapidly located 
if compass shots are made on about three 
prominent points, if general notes are 
kept as to the location. Sometimes it is 
well to make a monument along a trail 
or road and then pace out to the quadrat. 


Local conditions will determine the 
method of locating, but it should always 
be kept in mind that the means used 
should be such that anyone else could 
locate the quadrat even after several 
years by following the notes. 


CHARTING QUADRATS 


The map or chart of a quadrat is its 
record at the time of charting. It is 
the census of vegetation; it shows life 
habits, and may be made to tell the whole 
story of the plant society if studied care- 
fully. It is never the same for any two 
years and will show changes during the 
advance of the season. 

It is of the greatest importance to 
make the record accurate and complete 
since it is impossible to check or amplify 
the results afterward, and it may be that 
the chart will be studied years later when 
it is certain that more data will be de- 
sired. 

The specimens on the quadrat may be 
listed on suitable forms either for the 
whole quadrat or by square decimeters. 
However, in practice this method is not 
satisfactory in a bunch grass region as 
it only tells part of the story. 

‘Two methods are in use for charting 
quadrats, both of which are quite satis- 
factory as to accuracy. The difference 
between them lies in the speed of manip- 
ulation. 

The pantograph principle has been de- 
veloped into what is now known as the 
chartograph. This instrument consists 
of a low stand and set of pantograph 
arms so set that the clumps are traced 
on a quadrat sheet reduced to one-fifth.’ 
This method requires two operators but 
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* Hill, Robert R. Charting Quadrats with a 
Pantograph. Ecology, 1: 270-273, 2 figs., 1920, 
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only one needs to be acquainted with the 
vegetation. It is equal or superior in ac- 
curacy to the strap method and possesses 
the advantage of speed. Two men can 
chart from three to ten times as rapidly 


' as one man using straps. 


The strap method of charting is ac- 
complished by dividing the quadrat into 
decimeter strips by means of straps and 
subdividing the strips into decimeter 
squares, then sketching the vegetation on 
the map reduced to one-fifth. 

First fasten the broad straps, which 
have holes one decimeter apart, so that 
they mark the boundaries of the quadrat. 
Short survey pins will be found very 
satisfactory for doing this. Care should 
be taken to see that the straps are tight 
and that they occupy an identical posi- 
tion from year to year. Next fasten one 
of the narrow straps through the first 
set of holes in each side strap so that a 
decimeter strip is marked off on the end 
closest to the observer. Always start 
work at the bottom end of the quadrat 
and work toward the top to avoid tram- 
pling plants before they are charted. It 
is usually best to select the northernmost 
side for the top, as this will avoid fac- 
ing the sun in charting. 

After having marked off a decimeter 
strip on the side adjacent to the operator 
a decimeter square should be marked, 
using a wire pin or a straight stick. It 
may facilitate the locating of plants if 
a pencil or wire pin is stuck upright 
in the exact center of the decimeter 
square. After all the specimens in the 
first square are located on the map, mark 
off another square with another stick or 
pin, continuing until the strip is finished. 
Then leaving the narrow strap in place, 
remove the bottom strap and fasten it 
in the first set of holes above forming 
another strip, and proceed as above. By 
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always using the end strap for one side 
of the strip it is possible to mark the 
strip accurately into decimeter squares, 
which otherwise could not be done as the 
narrow straps are not punched. With 
steel straps that are fastened together 
the procedure is modified to the extent 
of using two separate straps to mark off 
the strips. 

There are a few rules to observe in 
mapping which will promote uniformity 
and accuracy: 

1. The area drawn on the map should 
represent the basal area of the plant at 
the ground level. With such plants as 
Antennaria and Phlox it may be ad- 
visable to sketch the outlines of the plants. 
Other prostrate plants such as Leontodon 
are best represented as dots or by draw- 
ing the circumference of the root crown. 
The basal area of grasses and the taller 
weeds should always be used. 

2. Outline the circumference of all 
plants having a basal area of one-half 
square centimeter or more. 

3. Show as dots all plants having a 
basal area of less than one-half square 
centimeter. 

4. Label each plant with a symbol in- 
side or if too small at the right hand 
side. 

5. Do not chart annuals as they will 
be gone the next year. List them in the 
space provided on the quadrat sheet. 

6. Where a shrub forms a “ second 
story ” in the vegetation sketch its bound- 
ary with a dotted line. 

7. If a clump is partly within and 
partly outside a quadrat draw its entire 
boundary to facilitate future compari- 
son. 

8. If the center of a clump is dead it 
may be shown by hatch lines. 

9. Quadrat sheets should be inked in 
as soon as possible to insure permanency. 
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QuapRAT RECORDS 


Quadrat records should include in ad- 
dition to the map all the information 
available which is related to the project 
being studied. Regardless of the pur- 
pose for which the quadrat is used, the 
notes suggested on the back of Forest 
Service Quadrat Sheet Form No. 777 
should always be fully and carefully 
made. Without this information the 
chart record may lose much or all of its 
value. 

The headings on the front of the 
sheet at the top should be carefully filled 
in and the legend at the bottom should be 
complete. If a species is unknown it 
should be given a key symbol and speci- 
mens collected for future determination. 

A photograph should be taken after 
the straps are in place and before chart- 
ing is commenced. If the camera is set 
up in line with two diagonal corners 
of the quadrat the quadrat will appear 
square in the picture. Otherwise, unless 
the photograph is taken from directly 
overhead, the shape of the quadrat will 
be distorted in the picture. 

To avoid differences due to different 
observers, utilization should be deter- 
mined by actual measurements for each 
species. That is, after the average height 
and leaf length of each species is de- 
termined, the actual per cent of the total 
volume of each species consumed should 
be estimated. With herbaceous species 
this will be the total per cent of the 
forage above ground which is consumed. 
These data can later be expressed in de- 
gree of proper utilization if desired, but 
it is important that the records on the 
quadrat sheet should represent actual 
measurements rather than judgment. 
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CoMPILATION AND ANALYSIS 


The first task in compilation is to de- 
termine the areas of the various clumps. 
This may be done by making enlarged 
photostat copies and then planimetering 
the areas. There are two large sources 
of error in this method. The planimeter 
wheel may slip on the photostat paper, 
and further it is difficult to obtain ac- 
curate readings on small areas. The only 
means of check is through repetition and 
the difference between trials may be large. 

The areas may also be determined by 
counting the squares. Using this method 
the whole squares within the area should 
be counted first, and then the fractional 
parts added separately. There is a chance 
for error if it is attempted to lump frac- 
tions into whole squares. The total area 
of each clump may be rounded off to the 
nearest whole number, or if nearly a half 
carried as such. 

Areas should be counted by decimeter 
strips across the sheet, and if a clump 
falls in two strips the area on each side 
of the line should be counted separately. 


The figure representing the area is placed 


inside or close by the area. 

After all the areas are counted the 
totals for each species should be com- 
puted for each decimeter strip. These 
totals should be carried for number of 
dots, number of clumps, and total area 


of each species. A convenient way of 
recording these data is provided on Quad- _ 


rat Compilation Form No. 12 
When these data are computed for all 


species on all the strips the totals may | 


*Copies of Quadrat Compilation Forms, 


No. 1 and No. 2, and of Quadrat Sheet Form 
No. 777 will be furnished to any one inter-_ 


ested on request to The Forester, Wash- 
ington, D. C. 
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be transferred to Quadrat Compilation 
Form No. 2 for future use. Totals may 
also be compiled under the summary 
of quadrat data on Form No. 777, but 
for thorough studies a more complete 
summary is necessary. 

Form No. 2 may be planned to carry 
the totals for as many years as desired, 
and will make a rapid comparison be- 
tween years possible. The species are 
listed across the tops of the columns, and 
the proper figures inserted each year 
for each of the side headings. 

The number of dots, 
clumps, and area of clumps for each 


number of 


species are obtained directly from the 
totals on Form 1. 

The average area of clumps is de- 
termined by dividing the total area of 
clumps by the total number. 

The number of specimens is the sum 
of the number of clumps and the num- 
ber of dots. The total area equals the 
total area of clumps plus one-fourth the 
number of dots. That is, each dot is con- 
sidered to represent one-fourth square 
centimeter in area. As everything hav- 
ing an area of one-half square centi- 
meter or greater is mapped, it is quite 


probable that the dots represent an area 
of about one-fourth square centimeter. 

The per cent of class area is deter- 
mined by dividing the total area of the 
species by the total class area (i. e., 
grasses, weeds, and shrubs). 

The per cent of total area is deter- 
mined by dividing the total area of each 
species (or class) by the total area of 
all species. 

Other data such as height, utilization, 
etc., may be summarized on the same 
sheet if desired. 

Species should be grouped on the sheet 
in classes and the totals carried for each 
class. 


CoNCLUSION 


In conclusion it might be well to re- 
peat these important features of quadrat 
work: 

1. Locate each quadrat so that the 
results will have an important bearing 
on the problem in hand. 

2. Make very complete and accurate 
records in the field, covering all the es- 
sential information available. 

3. Compile the data as soon as possi- 
ble in such a way as to be readily avail- 
able for analysis and study. 


A COMPARISON OF SEVERAL OF THE GROWTH 
PER CENT METHODS OF PREDICTING 
GROWTH 
By PAUL O. RUDOLF 


Junior Forester, Southern Forest Experiment Station 


INTRODUCTION 


methods for the prediction of 
mie growth: projection and com- 
parison. By the first method the known 
rate of growth of a stand is projected 
into the future. It is assumed either 
that the rate of growth will remain 
the same or that it will change, and that 
the change can be predicted by the curve 
of the past growth. Both assumptions are 
applicable for short period predictions 
only. By the second method the past 
growth of existing stands is assumed to 
be an indication of the future growth 
of other younger stands over the same 
periods. 


The growth or increment per cent may 
be applied with either the projection or 
the comparison method, and _ several 
formule for computing it have been de- 
veloped. 

The compound interest formula, 


p=(4] 4 -1) 100, where ?p is the 
Uv 


growth per cent, V is the present volume, 
and wv is the volume 2m years ago, has 
been generally used by foresters as being 
the best. However, it was objected to 
in the old days because it involved the 
use of logarithms with which most field 


compound interest formula. It has been 
widely used. 


Le where 


nd 

n is the number of rings in the last inch 
of radius and d is the present D.B.H. 
of the tree, has the merit of simplicity 
but is not very accurate. 


Schneider’s formula, p= 


Kunze in Germany has recently de- 
veloped another formula, 


(V—vwv) 200 
V (n—1)+v (n+1)’ 
which gives a closer approximation to 
the compound interest formula than 
Pressler’s formula does. 
Gevorkiantz (2) has developed a 
D—d 


me where D 


is the present D.B.H. and d is the 
D.B.H. n years ago, which he believes 
gives a closer approximation to the com- 
pound interest formula than Pressler’s 
formula does. Since this formula is 
based on diameters, the growth per cent | 
can be determined directly from incre-— 
ment borings. ' 
Hanzlik (3, 4) applied Gevorkiantz’ 
formula to western yellow pine and— 
found that with a certain modification — 


p= 


formula, p= 228 x 


it checked very closely with the com- 
pound interest formula. He suggested 
that the letter F (factor) be substi- 
tuted for 228, since it seems that 
this will vary according to the species" 
4 


y 


men were unfamiliar at that time (2). 


V—v_ 200 
V+o * n 
was intended as an approximation of the 
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Pressler’s formula, p= 
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and the unit of volume (cubic foot or 
board foot) used. The factor is calcu- 


pxdxXn 
D—d ’ 


where # is an average growth per cent 


lated by the formula F= 


computed for 10-year periods by the 


compound interest formula. 

Perhaps the outstanding weakness of 
the growth per cent method of predict- 
ing growth lies in the lack of accurate 
means of estimating mortality in stands. 


MeETHOoDs OF PROCEDURE 


The data used in this paper consist of 
measurements of diameter breast high, 
height, and number of rings in the last 
half inch of radius taken on spruce in 
the upper spruce slope type, north of 
Fishing Brook, near the Cornell For- 
estry Camp in the Adirondacks. 

The trees were first grouped into inch 
classes on the basis of D.B.H., and for 
each inch class the average diameter, 


height, and number of rings in the last 


half inch of radius were computed. 

The material was then examined by 
statistical methods and all those mea- 
surements outside the limits of theo- 
retical probability rejected. The num- 
ber of measurements required for a 
given limit of error (one, two, and 
three years in this case) for each inch 
class was also computed. 

Growth was computed by the method 
advanced by McCarthy and Robert- 
son (5). From the growth as shown by 


this method average growth per cents 


for the decade for each inch class were 
computed so as to afford a basis for the 
comparison of this method with the 
growth per cent methods. 

The growth per cents were next com- 
puted for each inch class and for the 
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average of the material examined by 
means of the compound interest formula, 
Pressler’s formula, Gevorkiantz’ for- 
mula, Hanzlik’s modification of Gevor- 
kiantz’ formula, and Kunze’s formula. 
(See Table 2.) 

In Table 1 the figures for the present 
diameters are the averages for each inch 
class; the diameters for 10 years ago 
were computed by subtracting the num- 
ber of inches grown in 10 years (based 
on the number of rings in the last half 
inch of diameter) from the present di- 
ameters; and the volumes for the pres- 
ent and for IO years ago were obtained 
from a graphic representation of the 
volume table on page 264 of Cary’s “A 
Manual for Northern Woodsmen.” 

In using the growth per cent to pre- 
dict future volumes Gevorkiantz (2) 
recommends that, after the value for p 
has been obtained, the value 1.0f" be 
looked up in compound interest tables 
and the present volume multiplied by 
this to determine the volume 7 years in 
the future. Hanzlik (3) and the writer 
do not agree with this proposal to de- 
termine future volume from the present 
growth per cent. “Calculations have 
shown that with increasing age, the 
growth per cent is constantly decreas- 
The method, therefore, of 
compounding the present growth per 
cent for a period of years incorrectly 
presupposes that this per cent is a con- 
stant value applied to an annually in- 
creasing volume. However, as actually 
happens, the growth per cent is a de- 
creasing value laid on an annually in- 
creasing volume. ‘Therefore, the esti- 
mated future volume cannot be based 
on the compounding of the present 
growth per cent, but must take into 
consideration this decreasing tendency 
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a 
per cent must be used based upon the 4.8 ) 100 or 2.9. ‘The average 


trend of the curve and the number of for the decade, which is used in predict- 
years for which the calculation is to be 

made” (3). Hanzlik recommends that ; : 

the ee ead be predicted on the ipa, Hey eS ele 
basis of an average growth per cent 3.19. The value of 3.19 for a 10-year 
over the period for which the prediction period, amounting to 1.170, is obtained 
is to be made. Where a curve of growth from the compound interest tables. With 
per cent on age is available, the growth a present volume of 104.2 cubic feet per 
per cent for the end of the next decade acre (see Table 1) the estimated future 


over a period of years, and an estimated ( 6.4 


3-49—2.90 | 
2 


TABLE I 
STOCK TABLE, STAND TABLE, AND OTHER BASIC DATA 


No. rings 


DOB: Ee | D A in last V, ave. v, ave. | Total Total No. trees 
class +-inch tree tree V v per acre 
of radius | 
Inches Inches Inches Cu. ft. Cu. ft. Cu. ft. Cu. Fe; 
One xcarbis vant, <9 6.1 5-32 12.70 4.8 3-4 104.2 bys fo 21.7 
G OTE are ee POR 7ce 6.28 12.20 6.7 5.1 122.7 93-3 18.3 
SOR eiarom) sistale is 8.1 7.29 12.30 9.0 ve 159.3 125.6 17.7 
Qiao artatet shale) « 8.9 8.04 11.63 Ly.8 9.0 157-5 128.8 13.7 
TOV be eee sie es 10.0 9.09 10.97 15.5 12.2 176.6 133.3 11.4 
MR ctastgtss wate aitiels 11.0 9-95 9-24 19.5 15-5 156.0 120.0 8.0 
RIG hy niraihstesnc« 12.0 10.81 7.98 23.8 18.7 109.5 85.0 4.6 
Te ttae sors) opin 13.0 11.98 10.14 28.3 23.8 99-1 83.3 3-5 
TA ta atelete ete a n,J1s 14.0 12.94 8.68 33-5 28.2 57-0 47:3 17, 
Dt ESS cle SOIR 15.0 13.99 9.90 38.8 33-5 54-4 47.1 1.4 
POPES CRG vias 15.9 15.10 12.54 43.5 39.5 13.0 11.9 0.3 
SSS, eS ee ee eee 
Total or ave... 10.59 9-63 18.0 | 14.3 1181.8 932.8 | 102.38 | 
. | | | 


D=present D.B.H. d=D.B.H. 10 years ago. V = present volume. v= volume to years ago. 
can be read directly from this curve, and volume is then 104.2 1.170, or ca 
the average for the period computed. cubic feet. If, as Gevorkiantz proposes 7 

The material used here contained no the present growth per cent is used, the : 
age data, however. Assuming, though, volume per acre 10 years in the future 
that the 6-inch class will grow at the for the 6-inch class will be 104.2 x 1.187, 
same rate for the next decade as the or 123.7 cubic feet. The difference be- 
7-inch class did in the past decade, we tween the two methods in the presen | 
have a D.B.H. of 6.92 inches 10 years case is 1.48 per cent. The difference 
in the future and a corresponding vol- would be greater if a longer period wer $' 
ume of 6.4 cubic feet. The growth per used. Both figures are conservative in 
cent at the end of the next decade by the comparison with the 131.2 cubic feet 
compound interest formula is then given by McCarthy and Robertson’s 
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method for the same inch class and num- 
ber of years. “ These calculations result 
in the gross estimated volume, and de- 
ductions must be made for windthrow, 
insect losses, decay, etc., as necessary for 
the locality and the species, in order to 
arrive at the estimated future net vol- 
ume’ (3). 


RESULTS AND CONCLUSIONS 


Table 2 shows the growth per cents 
for the 6- to 16-inch classes as computed 


ler’s formula also gives a very close ap- 
proximation. The widest deviation from 
the compound interest values is shown 
by the average growth per cents as de- 
rived from McCarthy and Robertson’s 
method. Even in this method the values 
are compensating. The difference here 
is probably due to the fact that the 
values for this method are based on a 
curve showing the contemporary growth 
of all diameters for a short period up 
to the time of measurement, while those 


TABLE 2 
GROWTH PER CENTS BY DIFFERENT FORMULZ 


eacan Hi. Compound Gevor- : Phe mail 
ee Srtereue ants Hanzlik Pressler Kunze & aceasta’: 
method 
O Soe eA Roe 3.49 3.34 3-42 3-42 3.48 3.52 
af <5 SC SO Cee 2.74. 2.98 3.05 2.72 2.75 2.76 
° oo GS aoa 2.26 2.54 2.59 2.22 2.24 2.39 
® Se¢eenoanacere 2.50 2.44 2.30 2.44 2.47 2.03 
OM ser sisvecais.so75s 0:6 ® 2.42 2.28 2.34. 2.38 2.42 2.84 
PRM ash Shera 39, on 5(a''a)ia, 2.34 2.40 2.46 2.29 2.32 2.64 
an eee 2.44 2.51 2.57 2.40 2.43 2.54 
SSS eee 1.75 1.88 1.92 1.75 1.74 1.74 
MAMMA rs 3: co e500 ses 1.74. 1.87 1.91 1.72 1.73 1.87 
23, Sho OCS 1.48 1.65 1.68 1.47 1.48 1.44 
7.5) dot Seen ei 1.01 1.21 1.23 0.96 0.99 0.95 
BAW EM ay Sceysidielere'e 2.33 2.26 2.31 2.29 2.32 22% 


by the compound interest formula, Press- 
ler’s formula, Kunze’s formula, Gevor- 
kiantz’ formula, and Hanzlik’s modi- 
fication of Gevorkiantz’ formula, and 
from the volumes given by McCarthy 
Robertson’s method. 

It will be noted, first, that the re- 
sults for all the methods follow the 
same general trend. Kunze’s formula 
gives the closest approximation to the 
compound interest formula, but Press- 

2 


computed by the various formule are 
based on the growth of the individual 
diameter classes. 

It will be noted that the growth per 
cents for the average for the material 
as computed by the various methods are 
very close, ranging from 2.25 to 2.33. 

Gevorkiantz’ formula and Hanzlik’s 
modification of it give values that are 
in general higher than those given by 
the compound interest formula. 
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The greatest difference between all 
these methods is 0.56 per cent in the 
10-inch class. 

It is interesting to note that Press- 
ler’s formula, which has been so widely 
used, gives values which are very close 
to those derived from the compound 
interest formula. The question arises as 
to why this is so. Upon examination 
Pressler’s formula proves to be merely 
the simple interest formula for the value 
at one-half the period, or the average 
value for the period. It is well known 
that over short periods of time and at 
low rates simple and compound interest 
give quite similar values. This is par- 
ticularly true when the simple interest 
is taken for a value at one-half the 
period. For example, compound $1000 
for 10 years at 5 per cent, and the result 
is $1629. Now putting $1000 out for 
IO years at 5 per cent simple interest 
gives $1500. The value at half the 
period is $1250, and simple interest at 
5 per cent for 10 years on this sum 
amounts to $625. Adding $625 to $1000 
gives us $1625 as compared with $1629 
obtained from the compound interest 
formula. 

The results shown in Table 2 seem 
to warrant the conclusion that all these 
methods of computing growth per cent 
give results which agree with each other 
quite closely. 

It is recommended here, however, 
that (except where diameter measure- 


of field men with the use of logarithms) 
is no longer valid. On the other hand, 
even if this objection should still hold 
true, it can be shown that the solving 
of the compound interest formula for 
p does not require the use of loga- 
rithms, but is really simpler than the 
solving of the other growth per cent 
formule. Instead of using the formula 


(= ) f 
P= — —1I1 ]100 use — =I.0P. 
Uv Uv 


7 
Having obtained the value of, look 


this up in the compound interest table 
and read p. For example, in the 6-inch 


class ue = 4s = 1.411. Looking this 
v ~ 34 

up under 10 years (the period taken 

for v to become ’) gives us a value of 

p equal to 3.5 corresponding to the value 

3-49 as computed by the formula 


_ (2/438 ) 
p= (q oo 1 } 100. 


The outstanding weakness of methods 
for predicting future growth lies in the 
lack of accurate means of predicting — 
mortality in stands. It seems that the 
only way to remedy this difficulty is to 
establish permanent sample plots for — 
mortality studies in every type, site, and — | 
condition. In time we shall then be able ; 


to build up mortality tables for trees — 
much as life insurance companies have 


for men. However, the need for growth | 
predictions cannot await such a time, and | 

it seems that rather than ignore mor- | 
tality in stands, foresters should use such — 
methods as they have (the estimating — 
of which trees will die before the next — 


cut, etc.), crude and difficult of appli- : 
cation in the field as they may be. | 


ments only are available) the compound 
interest formula be used to compute 
growth per cent. This formula was rec- 
ognized as the best for this purpose by 
Pressler and is still considered so by 
foresters in general (2). Certainly the 
objection to the use of this formula which 
held in Pressler’s time (the unfamiliarity 
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MYCORRHIZAL STUDIES 
1. MYCORRHIZA OF MONT ALTO NURSERY STOCK 


By ARTHUR PIERSON KELLEY 
Rutgers University 


@7/ eee FOREST trees are de- 
YAM pendent upon soil fungi for a 
GS part of their raw materials 
through mycorrhiza. This term was 
coined by the German botanist Frank 
in 1885, though mycorrhiza had been 
described as early as 1829 by Meyen. 
A mycorrhiza is a plant root with which 
is associated a fungus. The root is usu- 
ally modified from the normal form and 
has few or no root hairs. Three types 
of mycorrhiza may be noted: 

1. Ectotrophic mycorrhiza, Frank, in 
which the rootlet frequently resembles 
coral in its branching. There are no root 
hairs, the root cap is typically reduced to 
a few cells, and there is a complete in- 
vestment of a fungal mantle. Hyphe 
are confined to the epidermis and cortex, 
penetrating between cortical cells to form 
a false tissue, a Hartig net; but none of 
the hyphz penetrate into the cells. This 
ectotrophic type is usually considered to 
be the type found in woodland trees. 

2. Endotrophic mycorrhiza, Frank, in 
which a non-parasitic fungus penetrates 
root hair or epidermis and passing radi- 
ally through the cortex enters cells es- 
pecially in the outer layers forming more 
or less a zone of infected tissue. The 
mycelium is usually considered absent 
from meristematic tissues and vascule. 
The endotrophic type of mycorrhiza is 
characteristic of ericads and orchids 
among others. 
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3. Ectendotrophic mycorrhiza, Melin, 
in which the characters of ectotrophic 
and endotrophic forms are combined, 
showing some cells infected and others 
not infected. As studies are extended it 
is being found that these three types are 
not sharply distinguished, but the terms 
may be used for convenience. 

In regard to external form, mycorrhiza | 
may be classed as (1) simple, when the. 
root is unbranched and not much modi- | 
fied; (2) coralloid (=Gabelmykor- : 
rhiza, Melin), when branched in bushy ' 
or corallike fashion; and (3) tubercu-: 
late (=Knollenmykorrhiza, Melin),, 
when in the form of small tubercles or’ 
of tubers strung together. 

The associated fungi assumes various i 
forms within the root. These may be: 
described as follows: : 

Vésicules, Janse (or vesicles)—Ter-- 
minal (and intercalary) hyphal swell-- 
ings, thick-walled with dense content;; 
at maturity gorged with reserve prod- 
ucts, especially oil. Intercellular. 

Arbuscles, Gallaud (from arbuscula, 
diminutive of arbor, tree) —Repeatedly 
branched, intracellular hyphe. On 
casual examination they may appear as 
homogeneous, granular masses. 

Sporangioles, Janse (=dichte Mas- 
sen, Schleicht ; bodies giving rise to bac- 
teroids, Groom; prosporidi, Petri; also 
Klumpen, masses granuleuses, corps de 
degenerescence ; and in part corps jaunes, 
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Wahrlich ; gelblichen Stoffes, Schleiden) 


_-—Granular, intracellular masses, often 


nodular in outline but without definite 


hyphal contours. 


Plasmotyse, Detmer—Arbuscular hy- 


phe, the tips of which burst and allow 


protoplasm of hypha and root cell to 
mix in a densely staining mass. Prob- 
ably a digestion stage in absorption of 
mycelium by root. 


Peloton, Mollberg—An intricately 


| wound skein of hyphz within a cell. 


Certain descriptive terms are used in 


_ reference to the root tissues: 


Kurzzellen, Demeter (=cellules de 
passage, Janse; Durchlasszellen, Bur- 
greff)—-Special cells in the exodermis 
which permit entry of the fungal hyphe 
to tissues within. 


Pilzwirthzellen, Magnus—lInfected 


- cells of the cortex in which hyphz per- 


sist in active condition. 
V erdauungszellen, Magnus—Infected 


cells of cortex in which hyphe undergo 


rapid degeneration; in earlier stages the 


-hyphz are thin walled and protein filled 


(Eiweisshyphen). 
The best work in English and the only 


comprehensive one on mycorrhiza is that 


Mot Dr. M. C. Rayner (5). 


Mycorrhize are universally distrib- 
uted, having been found on all the con- 
tinents and in all climatic zones where 


plants grow. They are found on herbs 


as well as trees, and on annuals, though 
more frequently on perennials. ‘They 
occur in saline soils as well as in culti- 
vated and woodland soils, but mycor- 
rhizal form seems influenced by soil 
series. Pitch pine, for example, on wet 
clay of serpentine barrens of Pennsyl- 
vania has elongate, seldom branched 
mycorrhiza, while in sands of New Jer- 
sey pine barrens the form is short and 
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stocky, almost tuberculate. Each plant 
species having mycorrhize has a charac- 
teristic mycorrhizal form—simple, cor- 
alloid, or tuberculate, the color varying 
from almost colorless to a dark brown 
at maturity. There is less information 
as to percentage of root system infected. 

Presence of mycorrhizal fungi is requi- 
site for success of much nursery stock, 
and failures in nurseries may at times be 
due to absence of the necessary fungus. 
This seems due to a symbiotic relation 
existing between fungus and root, Elias 
Melin (4) in particular indicating an 
exchange of food materials, the root sup- 
plying the fungus with a sugar or other 
carbohydrate while the fungus provides 
nitrates or other assimilable nitrogenous 
food from complex organic sources in 
the 4 horizon. 

A striking case of such apparent sym- 
biosis is supplied by Kessel (2) who 
found that in western Australia seeds 
of Pinus germinated well in new soil 
but turned yellow or reddish after reach- 
ing a height of 1-3 inches. Having elimi- 
nated such factors as season of sowing, 
watering, shading, pH, commercial fer- 
tilizers, and pathological condition, the 
failure seemed due to some soil organism. 
“Experimental work has now shown 
conclusively that the only method of 
raising satisfactory planting stock of ex- 
otic conifers in western Australia in 
a new nursery is first to infect the soil 
either by applying a light dressing of 
soil from an old nursery or by trans- 
planting seedling pines from an old 
nursery and holding them a year in 
nursery lines... .. The same organ- 
ism or group helps equally well all species 
of pine.” 

In Pennsylvania there are a number of 
state nurseries for propagation of forest 
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trees, the method of conduct of which 
has been described in a recent bulletin 
(1). These nurseries are chiefly located 
in the mountains of Pennsylvania on 
residual or colluvial soil, but one nursery 
was placed in the Susquehanna Valley 
on alluvium which is essentially “ new ” 
soil. Coniferous stock planted here 
failed and it was suggested that the fail- 
ure was possibly due to lack of proper 
fungi. In order to learn the normal con- 
dition of nursery stock roots as seen in 
an old nursery the writer collected at 
expense of the United States Forest Ser- 
vice and through courtesy of District 
Forester Bradley material in the Mont 
Alto Nursery. It was not until he left the 
Forest Service that the writer was en- 
abled to study this material, through 
assistance of the Boyce Thompson In- 
stitute and the A. Ashmun Kelley Estate. 
The photomicrographs were made with 
equipment belonging to the Department 
of Plant Pathology of the New Jer- 
sey Agricultural Experiment Station, 
through courtesy of Dr. Richard P. 
White. 

Mont Alto State Nursery was estab- 
lished in 1901 and occupies land once 
belonging to an iron mining and smelt- 
ing company (The Mont Alto Iron Fur- 
nace). It lies at the base of a low 
weathered mountain which is covered 
for the most part with second growth 
woods, 28,000 acres on this and adjoin- 
ing hills being contained in the Mont 
Alto State Forest. At the base grows 
hemlock with subdominant and associ- 
ated white pine, sweet birch, white oak, 
tulip, red maple, and dogwood; on the 
slopes an oak forest (chiefly Quercus 
montana with blighted Castanea den- 
tata), becoming a Pinus pungens con- 
sociation at the summit. Scattered P, 


pungens and P. echinata occur on the 
slopes. The soil has considerable char- 
coal content from iron smelting days 
mixed with the clay or sandy loam of 
the nursery; charcoal is also added to 
the soil in the nursery practice. 

The nursery was visited on March 20, 
1928, the ground at that time being cov- 
ered with snow. Seedlings were lifted 
from nursery rows and a portion of the 
root system was removed and placed in 
a test tube. Material for histological 
work was fixed in I per cent chrome- 
acetic, dehydrated without desilicifica- 
tion, and embedded in celloidon. Sec- 
tions were stained in Delafields hema- 
toxylin and safranin. These species were 
collected: 


Norway spruce (Picea abies) 
Japanese larch (Larix kempferi) 
White pine (Pinus strobus) 

Pitch pine (P. rigida) 

Norway pine (P. resinosa) 

Scotch pine (P. sylvestris) 

Scotch pine (P. sylvestris scotica?) 
Shortleaf pine (P. echinata) 

Black walnut (Juglans nigra) 

Red oak (Quercus borealis maxima?) © 
White ash (Fraxinus americana) ; 
Catalpa (Catalpa bignonioides) 


Cells of the roots were mycorrhizal 
with the exception of catalpa. In form 
the mycorrhizz were simple or coralloid, 
with P. echinata approaching tubercu- : 
late, as shown in Figure 1 and in the 


following tabulation: ' 


SIMPLE 


Fraxinus americana ; 
Juglans nigra 


CORALLOID i 


Picea abies 

Larix kampferi 
sand—much bent 
clay—elongate 


ee 


ag 


2, 
ay 


eae 


Fic. 1—Mycorrhiza. (Enlargement 10 X.) 


Picea abies 

Larix kempferi (sand) 
Larix kampferi (clay) 
Pinus rigida 

Pinus echinata 

Pinus strobus 

Pinus sylvestris 


8. 
9. 
10. 
II. 
12. 


igs 


Pinus sylvestris var. 
Pinus resinosa 
Quercus borealis 
Juglans nigra 
Fraxinus americana 
Catalpa bignonioides 
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Pinus rigida—short 
echinata—clubbed ; short 
strobus—short, stocky 
sylvestris—type 
resinosa—almost simple 

Quercus borealis—attenuate 

In Fraxinus americana the rootlets 
were pale yellow with infrequent mon- 
opodial branches from 0.4-1.5 mm. long. 
The dark central cylinder of half the 
cortical width was visible through trans- 
lucent cortex. A whitish apiculate root 
cap was in length about two-thirds the 
width of the root. There were no evi- 
dent root hairs but a few septate hyphe 
of the sort found in Pinus rigida were 
associated with older portions of the 
root where they seemed to form a loose 
network over the surface. 

Juglans nigra had elongate yellowish- 
brown rootlets, some of which were 
bent ; the apex was whitish but not other- 
wise modified. There were occasional 
constrictions in the root indicating my- 
corrhizal checking of growth at that 
point. 

In Picea abies there was an abundant 
dark mycorrhizal tap root system with 
mycorrhizal clusters at frequent inter- 
vals (2-10 mm.). The mycorrhize 
were 2-5 mm. long, the axis bent, 
monopodially branched, evidently con- 
stricted at base, and with white pad- 
like apex, while the rest of the mycor- 
rhiza was brown in color. There was a 
mantle of hyphe which were septate, 
had clamp connections and occasional 
bridges between hyphe. 

Larix kempferi from sand had sec- 
ondary roots slender elongate and rather 
densely coralloid with short (2-5 mm.) 
branches giving a dense matted appear- 
ance to the system. The mycorrhize 
were produced at intervals of 6-12 mm., 
monopodially branched with the terminal 
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portion longer than the side branches; 
they were dark brown in color and sur- 
rounded with a dense weft of septate and 
darkened hyphz. Individual branches 
were cylindrical to club-shaped with 
sometimes slight constrictions and pear- 
shaped ends indicating continued growth. 
In clay soil the mycorrhizal branches 
were longer (3-8 mm.) ; the older root- 
lets were dark brown but young ones 
were yellow and densely covered with 
a weft of hyphe which had numerous 
free ends. Contortion and clubbing of 
the branches occurred with age. 

The various species of Pinus had 
characteristic mycorrhize, P. resinosa 
presenting a primitive type in which the 
side roots were few and decidely elon- 
gate (to 15 mm.), but there were also 
short almost tuberculate mycorrhize. 
The hyphe were light in color (dark 
with age), septate, branched, and form- 
ing a dense weft and occasional strands. 
P. rigida and P. strobus both had dark 
reddish-brown branches, those of rigida 
sometimes having a short monopodial 
branch near the apex simulating di- 
chotomy. The apex was white and pad- 
like, possibly indicating growth in win- 
ter. There was in both a close invest- 
ment of small-branched and _ septate 
hyphe. In P. echinata the few club- 
shaped mycorrhizal branches, otherwise 
rather similar to those of rigida, were 
sometimes constricted into almost a 
“Knollenmykorrhiza.” P. sylvestris 
mycorrhizz were of true coralloid type, 
those of the variety being apparently 
somewhat longer and more contorted. 
The branches were sometimes sub-di- 
chotomous at the apex which is normally 
rounded to pyriform. 

The mycorrhize of Quercus borealis, 
like those of the majority of the Fagacee, 
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Fic. 2. 
Peloton in Pinus strobus. ca 300 X 
Cells from old hypha, mycorrhiza of Pinus rigida. 900 X 
Clamp connection in hypha, mycorrhiza of P, rigida. 900 X 
Fruiting body from surface root, Catalpa bignonioides. 400 <X 
Xylem infection in Picea abies; note enlarged nuclei. 440 X 
Xylem infection in Fraxinus americana. 440 X 
Cell from xylem of Picea abies with partially digested mycelium. 950 X 
Xylem of Pinus sylvestris at juncture of side root with axis; mycelial infection. 440 X 
Hartig net and infection in Pinus strobus. 440 X 
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are slender with elongating conducting 
portions almost thread-like with clusters 
of short (0.5-3 mm.) branches at in- 
tervals of 5-12 mm., the branches be- 
ing club-shaped and contorted. 

Study of catalpa failed to show any 
infection, but on the outside was appar- 
ently a Phycomycete, one fruiting body 
of which was discovered (Figure 2). The 
roots were provided with abundant root 
hairs, while the cortex was crowded 
with a granular substance not starch. 

In respect to infection, the mycorrhize 
indicated this grouping: 


ECTOTROPHIC 


Pinus strobus 
P. resinosa, in part 
Larix kempferi, in part 
ECTENDROTROPHIC 
Picea abies 
Pinus rigida 
P. echinata 
P. sylvestris 
Juglans nigra 
Fraxinus americana 
Fraxinus was slightly infected with a 
sparse external mantle which did not 
prevent formation of occasional root 
hairs. Yellow masses as of arbuscles oc- 
curred in cortex and in xylem paren- 
chyma (Figure 2) while other cells con- 


T. S. root. In some cells were seen ar- 
buscles, in others remnants of sporan- 
gioles stained pinkish with Delafields 
while the nucleus remained in enlarged 
condition. There was no Hartig net. 
Pinus rigida resembled Picea; there was 
infection of the central cylinder and 
hyphz seemed to be extending into side 
roots from the older roots (Figure 2). 
Phloem and young xylem cells contained 
yellow masses but not the older cells. 
P. sylvestris cortex and pericycle were 
densely infected; in young roots the in- 
fection seems to be in the outer cortical 
cells, while in older roots there is indi- 
cation of a Hartig net and infection of 
central cylinder, and numerous cells with 
enlarged nuclei are seen. The Hartig 
net is more nearly developed in P. 
echinata which again has heavy infection 
of central cylinder (Figure 2) while 
Verdauungszellen appear admirably de- 
veloped. 

A dense Hartig net characterizes the 
T.S. of P. resinosa, occupying the whole 
cortical area. The pericycle becomes 
filled with a dense yellow substance while 
the rest of the central cylinder is free 
from infection though enlarged nuclei — 
are seen. There is a dense fungal mantle. 


Neither this nor Larix is truly ectotrophic — 
for there is intracellular mycelium. In — 
Larix the cortex, pericycle, and xylem 
were heavily infected with a granular | 
substance. In old roots the pericycle cells 
had become Verdauungszellen while in — 
one case the cortical cell walls had — 
broken down and there was a series of — 
brown spore-like bodies enclosed by a — 
thin cork. Larix growing in clay was — 
more nearly ectotrophic but cortical cells _ 
were penetrated by short thick haustoria. — 
In Pinus strobus there was a firm Hartig 
net with rare intracellular infection in 


tained masses like corps jaunes or were 
provided with enlarged nuclei and 
densely staining protoplasm. The yellow 
bodies resemble those described by 
McLennan (3) as fat globules in old 
roots of Lolium tementulum L., but 
they did not stain with osmic nor with 
fuchsin-iodine green. The writer sus- 
pected that the yellowish included bodies 
of these winter roots might be chitinized 
hyphe but he has not proved the point. 

In Picea infection of outer cortex and 
of pericycle made two yellow zones in 
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the form of pelotons (Figure 2). The 
central cylinder, however, was infected. 
Starch was present in great abundance. 


SUMMARY 


Forest tree seedlings and trees seem 


dependent for the most part upon my- 
corrhize for intake of salt solutions in- 
stead of upon root hairs, and we there- 
fore know very little of nutrition of for- 
est trees. In some Pennsylvania nursery 
stock mycorrhize were found upon all 
species studied except catalpa, and infec- 
tion extended to xylem as well as to 
cortex. 


I. 
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STERILIZATION OF CONIFEROUS SEED-BEDS 
WITH LOW-PRESSURE STEAM * 


By THEODORE C. SCHEFFER 
Associate in Botany, University of Washington 


@ @>UHIS paper presents the results 
ice of a study aimed at determin- 
P: ing: 

1. The effectiveness of steam steriliza- 
tion of the soil in preventing the damp- 
ing-off of seedling conifers. 

2. Its effect upon the development of 
the seedlings. 

3. Its effectiveness in reducing the 
weed problem. 

4. The various secondary factors asso- 
ciated with the sterilization of soil by 
steam. 

The results, while not conclusive, can 
be considered as strongly indicative of 
those likely to be obtained from low-pres- 
sure steam heat when similarly employed 
under average conditions. 


PROCEDURE 


The soil selected for the experiment 
is a gravelly clay of glacial origin and 
very low in humus. It is underlain by 
hardpan and is altogether poor in quality. 
It was selected partly because of its prox- 
imity to a source of steam supply and 
partly because its tendency to saturate 
with water, due to the underlying hard- 
pan, might aggravate any damping-off 
tendencies. 

_ Three beds, each 48 feet long and 4 

feet wide, were prepared for seeding. 
These were laid parallel to one another 
and separated by paths 1 foot in width, 

*For their assistance in connection with 


this problem thanks are due Professor Burt P. 
Kirkland and Dr. J. W. Hotson. 


thus obtaining as nearly similar eco- 
logical conditions for all three as possi- 
ble. These beds were numbered 1, 2, 
and 3, and aside from the steaming were 
treated as nearly alike as possible 
throughout the season. 

The steaming of the soil was accom- 
plished by the inverted pan method, 
which is best suited for sterilization in 
the field. A wooden steam pan, 4 feet 
2 inches by 12 feet 8 inches by 6 inches, 
was constructed of Douglas fir and west- 
ern red cedar lumber, with a tin strip 
around the lower edge, and was lined 
with roofing paper and tar. The result- 
ing structure was steam tight, compara- 
tively light, and a poor conductor of heat. 

The steam was obtained from the 
steam-heating system on the University 
of Washington grounds and could be de- 
pended upon for a pressure of from 6 
to 8 pounds. This is extremely low in 
comparison to pressures ordinarily used 
(80 to 120 lbs.) ; however, its ease of 
maintenance in isolated boilers is far 
greater, and the outlay for generating 
apparatus appreciably smaller. ; 

The beds were treated as follows: 
Bed No. 1, steamed for two one-hour 
periods separated by an interval of 24 
hours; bed No. 2, steamed for one hour; 
bed No. 3, not steamed. The soil and | 
sand to be used as seed covers were placed — 
in burlap sacks and steamed beneath the — 
pan for a period of one hour, with the 
exception of those used on the control 
beds which were not steamed. { 
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‘Thermal measurements made in con- 
junction with the steaming procedure 
showed a temperature of 75° C. at 4 
inches beneath the surface of the soil 
after 60 minutes of steaming. The mois- 
ture content of the soil at this time was 
moderately low, a good working condi- 
tion prevailing. One hour after the steam 
pan was removed the temperature at 
the same depth was 40-50° C., indicat- 
ing that a killing temperature was main- 
‘tained for a few minutes after the re- 
moval of the heat supply (5). The soil 
was found to be in excellent working 
condition, and upon cooling no difference 
could be detected by rough analysis be- 
tween its condition before and after 
steaming except for a slight increase in 
moisture content. 
The requisite steaming period for de- 
stroying soil fungi varies with the po- 
rosity of the soil, its moisture content, 
and the steam pressure applied. How- 
ever, as has been shown by Waks- 
man (6), Thom and Ayers (5), and 
others, the temperature of the soil must 
be raised to at least 62-70° C. This is 
readily accomplished by very low pres- 
sure steam under average soil situations. 

The seed was sown on June 1, two 
days after sterilization had been com- 
pleted. This interval was a precaution- 
ary measure which must not be over- 
looked, since the application of steam 
heat to the soil produces dihydrostearic 
acid (3), a substance very toxic to plants 
which is only dispelled with time. Seed- 
ling counts made during the period of 
germination suggest that the two-day 
interval between steaming and seeding 
may be the minimum allowable in the 
case of some coniferous species. 

The seed was sown broadcast because 
this is the most desirable practice from 
the standpoint of concentrated produc- 


tion. This method has usually been 
avoided because of increased weeding 
difficulties and the increased danger of 
damping-off. Any factors which might 
promote damping-off were desired here, 
however, in order more fully to test the 
effectiveness of the sterilization method 
used. Seeds for each species were care- 
fully divided by weight. 

The following species were used: 
western yellow pine (Pinus ponderosa) ; 
Douglas fir (Pseudotsuga taxifolia) ; 
Sitka spruce (Picea sitchensis); Port 
Orford cedar (Chamaecyparis law- 
soniana); Lebanon cedar (Cedrus li- 
bani) ; Deodar cedar (Cedrus deodara) ; 
Atlantus cedar (Cedrus atlantica). The 
first four were chosen as representative 
northwestern conifers, the others be- 
cause of their value as ornamentals. 
Only western yellow pine, Douglas fir, 
and Sitka spruce were finally depended 
upon for reliable results. The Port 
Orford cedar failed to germinate in any 
of the beds and the three ornamental 
species suffered so from the attacks of 
rodents, which were evidently attracted 
by their unusually large and rich seeds, 
that comparisons in their case would not 
be dependable. However, even with 
these, indications were very favorable 
toward the use of steam sterilization. 

The seed cover in beds No. 1 and 
No. 2 consisted of soil and sand which 
had been sterilized under the pan; that 
in bed No. 3 of the same material un- 
steamed. Unless the seed cover as well 
as the soil is steamed in the treated plots 
the object of sterilization is defeated. 


OBSERVATIONS AND RESULTS 


Seedling counts, shown in Table 1, 
were made by using a wooden frame, 
one foot square, and averaging the re- 
sults of two to three sample counts taken 
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on areas selected at random within the 
plot. Weeding data were taken in the 
form of time expended in removing the 
weeds from the beds. Crown and root 
development was recorded only at the 
end of the season. 

Western Yellow Pine. Seedling 
counts in the steamed plots (beds No. 1 
and No. 2) were always in excess of 
those in the control plot (bed No. 3). 
The number of seedlings in bed No. 1, 


The advantage of increasing the 
number of seedlings per square foot of 
seedbed from two to four times is enor- 
mous. It is questionable, however, 
whether the difference in final stocking 
between beds No. 1 and No. 2 would 
warrant an increase in steaming time of 
100 per cent, as would be the case with 
the double steaming. It is very prob- 
able that a slight continuation of the 
first period of steaming would bring 


TABLE 1 


NUMBER OF SEEDLINGS PER SQUARE FOOT IN STERILIZED AND UNSTERILIZED BEDS AT DIFFERENT DATES 


W. yellow pine 


Date I 2 

ID Dts dacs ao ernie Ob. Planted 
ECO TOES TC 80 75 
BOs arasabs eye! 8 ehatera saaale 99 82 
ZA edie vie 0.017 416 & wlainisiele 100 85 
BT owes Me eiereay « 105 gt 
Ulyoratenm eon: ce ctoe tue 106 95 
Sain) stars s:=ie nips 6a IIo 95 
ELS wep oeteisimoivin Ralales 114 95 
AB Riess. ese aiet caidas 120 95 
AGaccucmanue eines. 120 95 
PAUSUSE -E. Jo phe ss steea eee t 120 go 
DG atilats alae Sass ame 119 89 
September! shi. sie5, <b nls F% 119 85 
Te eRe hc Shite ce one 119 85 


which had been double steamed, was 
always substantially in excess of that in 
bed No. 2, which had been steamed for 
one hour. A temperature sufficient to 
kill mycelium and most spores at a depth 
of 4 inches was not reached until after 
50-55 minutes, so that the second steam- 
ing presumably caught the more resistant 
spores. 

At the end of the season, when the 
differences were at a maximum, the 
count in bed No. 1 was 40 per cent 
greater than that in bed No. 2 and 376 
per cent greater than that in bed No. 3; 
while the count in bed No. 2 was 240 
per cent greater than that in bed No. 3. 


OT or 
Bed Bed Bed Bed Bed Bed Bed Bed Bed 
I 2 2 


3 


Douglas fir Sitka spruce 


3 I 3 


28 24 24 one a Pre 
46 44 47 78 67 41 
80 87 go 146 134 86 
120 130 140 160 138 100 
129 135 135 195 180 IIo _— 
133 140 140 195 180 120 
130 140 140 210 180 130 
130 135 140 210 180 130 


130 130 140 210 180 130 
130 130 110 210 180 130 
130 130 110 210 180 130 


ve 


about the same results since fungous — 
spores are not especially hardy toward — 
heat as are the bacterial spore forms. 
Douglas Fir. Differences in seedling 
counts for the Douglas fir plots were 
very small for the first few weeks fol- 
lowing germination. Within a short 
time, however, the seedling count in the | 
control plot was substantially higher than — 
that in the sterilized beds. This un-— 
expected circumstance may indicate that 
the steam heat had produced a toxic 
condition in the soil which retarded § 
germination for a considerable time, par- 
ticularly with the two-hour steaming 
period. The number of seedlings in bed 
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No. 1 at no time reached the maximum 
attained in bed No. 3 ; vigorous damping- 
off, however, subsequently placed the 
counts in the control bed far below those 
in beds No. 1 and No. 2. The final 
seedling count in these two beds was 
identical, and 18 per cent greater than 
that in bed No. 3. 

Throughout the latter part of the sea- 
son the stocking of beds No. 1 and No. 2 
was equal, there apparently being no ad- 
vantage from the use of a steaming 
period in excess of one hour; in fact, 
the results indicate that the two-hour 
steaming period may be detrimental to 
germination. 

Sitka Spruce. The beneficial results 
from the sterilization of the Sitka spruce 
beds were outstanding. At no time was 
the check plot in advance of the steril- 
ized plots in seedling count. Counts 
made on the first day of germination 
showed the number of seedlings in the 
more heavily sterilized plot to be ap- 
proximately double that in the check 
plot. This margin of difference was 
maintained and even increased up to 
the point of total germination which 
occurred during the latter part of July. 
There was apparently no retardation of 
germination in any of the plots. The 
final seedling counts at the end of the 
season showed that the number of plants 
in bed No. 1 was 17 per cent greater 
than that in bed No. 2 and 62 per cent 
than that in bed No. 3; while the count 
in bed No. 2 was 38 per cent greater 
than that in bed No. 3. 

Some benefit was evidently derived 
from the double steaming, since bed No. 
2, although substantially in advance of 
bed No. 3 at all times, was consistently 
behind bed No. 1 in seedling counts. 
These differences were too large to be 
ascribed to minor ecological factors. It 


is probable that the second’ steaming, 
as in the case of the western yellow 
pine, was necessary because all spores 
at the least depth allowable, about 4 
inches, were not killed within the first 
hour of steaming. 

Physical Development of Seedlings. 
Not only did steam sterilization of the 
soil prove successful in so far as the 
ultimate stocking of the seedbeds was 
concerned, but also as a means of pro- 
ducing better developed 
Measurements of roots and crowns 
taken throughout the growing season 
and at the end of November showed 
that the plants in the sterilized soils 
were at all times in advance of those 
in the control bed. The differences in 
development were not as outstanding 
with western yellow pine as with Doug- 
las fir and Sitka spruce, where they were 
very marked. 

It may be seen from Table 2, which 
is based on the average of 10-15 repre- 
sentative specimens from each plot, that 
there is practically no variation in de- 
velopment of the plants from the two 
steamed beds. ‘The inferior develop- 
ment is confined almost entirely to the 
specimens in the control bed. ‘These 
figures do not show the full extent of 
the differences in growth among the 
plants in the three beds, since the roots 
and crowns were differentiated not only 
in length but also in mass, as is illus- 
trated in Figures 1 and 2. This was 
especially true for the root systems, 
which, on the plants taken from the 
steamed soils, were much more extensive 
and satisfactorily shaped. 

An examination of the seedlings from 
the three beds indicates that both patho- 
logical (2) and nutritional factors were 
undoubtedly operative during their de- 
velopment (1, 3). The appearance of 


individuals. 
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the root systems in the control bed 
showed that some, although small, were 
not malformed, while others were de- 
cidedly stunted and malformed, suggest- 
ing that they had undergone a period of 
disease. 

Effect on Weed Development. The 
benefits to be ascribed to the steam heat- 
ing of the soil in the reduction of weed- 
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wood seedlings. These came, without 
doubt, from seeds and spores which had 
sifted through the spaces in the burlap 
covering. 


IMPORTANT SECONDARY FACTORS 


In determining the best period for 
steaming, consideration must be given to 
the following factors: 


Fic. 1.—Representative Douglas fir seedlings from the experimental plots. Specimens from 
beds No. 1, No. 2, and No. 3 are shown in order from left to right. 


ing costs were large, since the sterilized 
beds showed a saving of approximately 
82 per cent of the weeding time de- 
manded by the unsterilized beds. The 
chief weeds found in the steamed beds 
were Marchantia, Pteridium aquilinum 
(brake fern), Mnium sp. (moss), Agro- 
pyron repens (quack grass), and cotton- 


1. Increase or decrease in soil fertility. 

2. Resistance of both fungi and weed 
seeds to destruction by steam heat. 

3. Balance of biological life in the soil 
and the possible effects resulting from its 
disturbance. 

It is known that, as a result of steam 
heating, the nutritive value of most soils 
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is considerably increased (1, 3). From 
the results of the present experiment it 
would seem that if the sterilization is of 
a satisfactory character, the increase in 
the soil fertility will follow. 
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plots and from diseased Douglas fir seed- 
lings; (2) Pestallozia hartigii, from 
diseased western red cedar and Sitka 
spruce seedlings; (3) Botrytis cineria, 
from diseased western yellow pine seed- 


Fic. 2.—Representative Sitka spruce seedlings from the experimental plots. Specimens from 
beds No. 1, No. 2, and No. 3 are shown in order from left to right. 


TABLE 2 


RELATIVE ROOT AND CROWN LENGTHS IN INCHES IN STERILIZED AND UNSTERILIZED BEDS AT THE END 
OF THE GROWING SEASON 


West. Y. pine 
Root Crown 
Peder NO bs Ticie's: eres e the.e dusts « 6.05 4.5 
BE CUBIN Oop 2'oia) nic socehe 9.024 ay, © 6.5 4.5 
ein NOs, Saves) o:a\aisiaiaie «10: 6.0 4.0 


In order to obtain a rough indication 
as to the amount of heat required to 
sterilize the soil satisfactorily pure cul- 
tures of the following soil-inhabiting 
fungi were obtained in 4-inch test tubes 
on potato-sugar agar: (1) Phoma sp., 
taken from the soil in the Sitka spruce 


Douglas fir Sitka spruce 
Root Crown Root Crown 
3-5 4-5 1.75 1.5 
3.0 4.5 2.75 25 
1.0 2.75 Dare 0.75 


lings; (4) Fusarium sp., from Sitka 
spruce plots and from diseased Douglas 
fir and western yellow pine seedlings; 
(5) Corticium vagum, from rhizoctonia 
disease of potato; (6) Rhizopus nigri- 
cans, from the nursery soil; (7) Penicil- 
lum glaucum, from the nursery soil; 
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(8) Aspergillus, from the nursery soil. 
The first five of these fungi are reported 
as being more or less closely associated 
with damping-off of coniferous seed- 
lings. The last three were chosen as 
common soil-inhabiting saprophytes for 
purposes of comparison. 

These fungi, with the exception of 
Corticium, were allowed to form spores 
and were then subjected to steam heat 
at a temperature of 100° C. for varying 
periods of time. As a result of these 
tests it was found that in every instance 
both spores and mycelium had been en- 
tirely killed after being subjected to the 
steam heat for a period of five minutes. 
Accounts by Smith (4), Thom and 
Ayers (5), and Waksman (6) indi- 
cate that most fungi are destroyed within 
a short time when subjected to temper- 
atures of 50-70° C. It is probable that 
if a temperature of about 70° C. can be 
maintained for a few minutes to a depth 
of at least 4 inches, partial sterilization 
from the standpoint of disease elimina- 
tion is adequately cared for. 

In a manner similar to that used in 
treating the culture tubes containing the 
fungi the following weed seeds were sub- 
jected to steam heat at approximately 
100° C, for periods varying from 5 
minutes to I5 minutes: (1) western 
dock; (2) shepherd’s purse; (3) com- 
mon sow thistle; (4) prickly sow this- 
tle; (5) skunk weed; (6) common 
plaintain; (7) English plaintain; (8) 
bunch grass; (9) velvet grass; (10) bull 
thistle; (11) orchard grass; (12) large 
leaved avens; (13) rag wort; and also 
(14) the rhizomes of quack grass. 

In no instance except in the cases of 
Plantago major and Senecio vulgaris did 
the steamed seeds or rhizomes live after 
being subjected to the boiling temper- 
ature for five minutes. Seeds of these 
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latter species were killed after an eight- 
minute period of steaming. Although 
trials with lower temperatures were not 
made it is undoubtedly true, as is re- 
ported for the fungi, that most weed 
seeds have appreciably lower thermal 
death points. 

The microbiological life of the soil 
is now accepted as a vital part of the 
soil itself. To alter the equilibrium of 
this life by partial sterilization may be 
detrimental from the standpoints of fu- 
ture soil fertility and inhibition of disease- 
producing organisms. Hartley has sug- 
gested that, as a result of partial sterili- 
zation, soil parasites, once they have re- 


gained entrance, may prove more vigor- © 


ous than formerly due to the absence 
of the ordinarily associated soil organ- 
isms. In soil inoculation experiments (2) 
he found that the introduction of sapro- 
phytes into the sterilized soil gave seed- 
lings some protection both against damp- 
ing-off due to accidental infection with 
unidentified parasites and from the ad- 
ditional loss caused by light inoculation 
with Pythium debaryanum. 

The importance of the partial protec- 
tion of sterilized soils from parasites by 
the saprophytes present has not yet been 


a 


satisfactorily demonstrated. In the pres- 


ent study western yellow pine seeds were 


grown in plots which had been steamed | 


the season previous and in plots which 


i 


had not been steamed. Quantitative seed- _ 


ing was used as in the former steriliza- 


tion tests. In so far as could be de- 
termined by root inspection and seedling 
counts, there was practically no differ- 
ence in the plants growing on sterilized 
and unsterilized soil. These results 
would suggest, at least for this species, 
that the beneficial effects of sterilization 
do not carry over from one season to 


another, and that danger of increased in- 
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fection occurring on older sterilized soils 
is not great. 


SUMMARY 


1. Heating the soil with low pres- 
sure steam resulted in marked differences 
in the seedling counts at the end of the 
season. With Douglas fir the number 
of seedlings remaining in the steamed 
plots was 18 per cent greater than in the 
control plot; with western yellow pine 
it was 240 to 376 per cent greater; and 
with Sitka spruce it was 38 to 62 per 
cent greater. 

2. With low pressure steam there is 
a decided advantage, running as high as 
40 per cent with western yellow pine, in 
the use of two one-hour steaming 
periods separated by an interval of 24 
hours. Indications are that this same 
advantage could be obtained by main- 
taining the steaming process for a short 
time over one hour. 

3. Steam sterilization resulted in the 
better development of both roots and 
crowns. There was practically no dif- 
ference in the plants from the plots 
which had been subjected to the steam 
heat. 

4. No lasting detrimental effects re- 
sulted from toxic substances produced in 
the soil. Indications are that, if seeding 
is delayed for two or three days after the 
completion of steaming, there will be no 
difficulty in avoiding losses due to this 
cause. 

5. The physical nature of the soil was 
not appreciably altered by the steaming. 

6. Incidental tests concerning the re- 
sistance of damping-off fungi and others 
to steam heat at 100° C. showed that 
the mycelium and spores are killed after 
a period not exceeding five minutes. 

7. Similar tests of various weed seeds 
indicated that practically all of these are 


killed after a period of five, or at the 
most eight, minutes. 

8. A saving in the cost of weeding 
amounted to approximately 82 per cent 
of that demanded by the control plots. 

g. Indications are that low pressure 
steaming is entirely satisfactory as a 
means of soil sterilization if temperatures 
of 95-100° C. are maintained for 60 
minutes at the surface of soil of average 
composition and moderate moisture con- 
tent. These results and those suggested 
by others who have worked on the heat- 
resisting qualities of fungi indicate that, 
if temperatures of at least 75° C. are 
maintained for periods of from 10 to 30 
minutes at least 4 inches beneath the 
surface of the soil, sterilization will be 
satisfactory. 
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LENGTH OF EXPOSURE TO LOW TEMPERATURE AS 
A FACTOR IN THE HARDENING PROCESS 
IN TREE SEEDLINGS 


By R. B. HARVEY 


Head, Section Plant Physiology and Agricultural Botany, Minnesota 
Agricultural Experiment Station 


5 fe URING the usual alterations of 
f day and night temperature in 
44 the autumn, tree seedlings are 
eeriad to temperatures near the freez- 
ing point for only a few hours at night. 
As the author (1) has shown in the case 
of cabbages, the hardening effect of this 
short period of exposure is not overbal- 
anced by much longer exposures to 
relatively high temperature during the 
day. The average daily temperature may 
be relatively high, yet short periods of 
low temperature exposure are of much 
importance in hardening the plants. 
Moreover, the effect of the low temper- 
ature exposure is not removed by an ex- 
posure during a greater part of the day 
to temperatures sufficiently high to pro- 
duce growth. 

The threshold value of continuous 
temperature for evoking hardiness in 
cabbages lies at about 5° C. Tempera- 
tures above this point do not cause much 
change in the hardiness. It is known also 
that temperatures below about 5° C. do 
not permit of much growth of plants; 
in fact 6° C. or 43° F. is frequently used 
as the temperature minimum for crop 
production. Merriam (3) and Living- 
ston and Shreve (2) use this as the mini- 
mum in determining the length of the 
growing season in the United States. 
There is evident then a close correla- 


tion between the temperature at which 
growth ceases and the threshold value 
of temperature for evoking hardiness. 
Temperatures which stop growth harden 
the plants. The temperature at which 
growth ceases is different for various 
plants, and there seem likewise to be 
differences in the threshold value for 
hardening in plants. For elm seedlings 
this value seems to be about 5° C., but 


for locust and walnut seedlings it is 


somewhat higher, about 10° C. 

In testing the effect of short intervals 
of exposure to low temperature, seedlings 
of elm (Ulmus americana) were used. 
These were grown in pots or flats in 
a controlled-temperature greenhouse at 
about 65° F. until they were 1 to 14 feet 
high. A preliminary trial showed that 
freezing for 24 hours at —5° C. gave 
little injury after five days’ exposure at 
o° C. and 5° C. continuously, but much 
injury after exposure to 10° and 20° C. 
continuously. The threshold value was 
thus indicated as lying at about 5° ses for 
a continuous exposure. 

Elm seedlings planted in flats about one 
inch apart were placed at constant tem- 
peratures of 0° C., 10° C., and 20° C. 
for five days. The variations in tempera- 
ture were recorded by a recording poten- 
tiometer, the fluctuations being less than 
+ 1° C, At the same time other flats were 
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HARDENING PROCESS IN TREE SEEDLINGS 


exposed to alternating temperature by 
changing them at intervals of 12, 8, and 
4 hours during the five days between the 
0° C. and the 20° C. rooms. This gave 
these three lots 1, 3, or 6 alternations 
between 0° C. and 20° C. each day, or 
5, 15, and 30 alternations during the five- 


day exposure. The time exposure of 
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At the end of five days’ exposure, all 
of the lots were put into the same room 
and frozen for 24 hours at —5° C. They 
were then placed in the greenhouse at 
65° F. to allow the injury to become ap- 
parent before photographing. 

The seedlings alternated between 
o° C, and 20° C. all showed less injury 


0-20 


Fic. 1.—Relative injury to elm seedlings after various hardening treatments and freezing 
at — 5° C. for 24 hrs. Upper row kept at 0°, 10°, and 20° C. continuously. Lower row 
alternated between o° and 20° C. 1, 3, and 6 times per day for five days. 


each of these lots at each temperature 
was the same, that is, each lot was 


exposed for a total of 60 hours at 0° C. 


and 60 hours at 20° C. The average of 
the temperature-time product is the same 
for these lots as for the lot put at 10° C. 
continuously. Yet the results of these 
exposures are greatly different. 


than the lot kept at 10° C. continuously. 
Fifty seedlings were used for each lot, 
but only twelve representative of each 
lot were photographed for Figure 1. 
In the lot kept at 10° C. continuously 
all of the seedlings were killed back to 
the soil level or nearly so. The top 
branches died and new rapidly growing 
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shoots were thrown up from the lower 
buds. In the lot kept at 20° continuously, 
all but two of the lot of fifty seedlings 
were killed, root and top. These two 
(Figure 1, 20) produced shoots from 
the soil level or below. In the lot kept 
at o° C. continuously, the upper branches 
of five seedlings were killed and on these 
seedlings some of the lower dormant buds 
started growth, but not as rapidly as in 
those seedlings at 10° C. and 20° C, 
whose leaves and top buds were all killed. 
In the case of the seedlings alternated 1, 
3, or 6 times per day between 0° C. and 
20° C, (Figure 1, lower row), one alter- 
nation per day gave much the same result 
as continuous exposure at 0° C. If any- 
thing, there was less injury to this lot 
than to the lot exposed at 0° C. continu- 
ously; the leaves and top branches are 
not quite so much injured. The two 
lots alternated 3 and 6 times per day 
were definitely less injured than those 
kept at 0° continuously. The injury 
seems to decrease with frequency of 
alternation. 

This same experiment was repeated 
using elm seedlings set individually in 
pots and extending the alternations to }, 
4, 1, and 2 hour intervals. The results 
from this series were essentially the same 
as for the former series except that the 
exposures of $, 4, and 1 hour did not give 
as great hardiness as exposures at 2, 4, 
and 8 hour intervals. Either the very 
short exposure intervals tend to give the 
average temperature effect, as at 10° C. 
continuously, or the exposure fails to 
establish the temperature in the seedlings 
during so short a time on account of the 
temperature lag. 


SUMMARY 


It was found that exposure to 0° C. 
continuously for five days was sufficient 
to harden elm seedlings so that none of 
the seedlings were entirely killed and 
the top branches were killed on only 
10 per cent of the seedlings when they 
were later frozen at —5° C. for 24 
hours. 

Exposure at 10° C. for five days does 
not harden the tops sufficiently to with- 
stand freezing at —5° C., but the buds 
at the soil level are not killed and may 
develop shoots on standing in the green- 
house. 

Exposure at a constant temperature 
of 20° C. for five days does not harden 
elm seedlings. All but 4 per cent of the 
plants were entirely killed at —5° C., 
and of the 4 per cent, all of the tops were 
dead. 

Alternation of temperatures, giving a 
total of 12 hours at 0° C. and 12 hours 
at 20° C, per day for five days and vary- 
ing the number of alternations to 1, 3, or 
6 per day at 12, 8, or 4 hour intervals, 
followed by freezing at —5° C., pro- 
duces as great or greater hardiness than 
continuous exposure at 0° C., and much 
less injury than continuous exposure 
at. 10° 0, 

When the interval of alternation of 
the temperature is decreased to 4, 3, and 
1 hour, there is a decrease in the hardi- 
ness evoked in five days; evidently the 
interval is too short to establish the lower 
temperature or the exposure gives the 
effect of the average temperature. 

The overbalancing of the effect of 
22, 20, 16, or 12 hours per day exposure 
at 20° C. by exposure at 0° C. for 2, 
4, 8, or 12 hours is appreciable, and this 
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is related to the tendency of trees to 
harden during short intervals of low 
temperature in autumn. 
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SUSCEPTIBILITY OF YOUNG PINES TO 
TIP-MOTH INJURY 
By S. A. GRAHAM anv L. G. BAUMHOFER 


Agent and Junior Entomologist, Division of Forest Insects, 
U. S. Bureau of Entomology’ 


INTRODUCTION 


covered sand hills of central Nebraska. 
Anyone, however skeptical he may be, 
who sees the young forest that has al- 
ready been established on the 12,000 or 
14,000 acres of this sandy range land, 
must admit that the demonstration has 
been successful. The plantations are in- 
creasing in extent at the rate of 1000 
acres a year, and there is no doubt that 
the entire area will ultimately be covered 
by a valuable growth of trees. 

The establishment of this forest, how- 
ever, has not been without difficulty. 
Many obstacles have been met and over- 
come, and some problems are still to be 
solved. One of the important problems 
that is causing much concern is how to 
reduce the injury to the young trees 
caused by the work of the pine tip-moth, 
Rhyacionia frustrana bushnelli Busck. 
This is a pest of the two-leaved and 
three-leaved pines. It attacks the trees 
when they are in the seedling and sap- 
ling stages and, by killing a part or all 
of the new tips, checks the growth rate. 
The trees will ultimately outgrow the 
tip-moth injury, but in the meantime 
many years of growth will be lost. 

* At the time these studies were made the 
senior author also held the position of Assis- 


tant Professor in Entomology at the Uni- 
versity of Minnesota, 
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One of the striking features of the tip- 
moth attack is the fact that a part of 
the trees succeed in making some growth 
each year in spite of severe injury, 
whereas others in the same plantation 
are unable to grow at all. It is not un- 
usual to see one tree 6 or 8 feet high 
while its neighbor, planted on the same 
site at the same time, is only 1 foot or 
less in height. Such differences cannot 
be ascribed to variations in soil or mois- 
ture conditions, for it would be difficult 
to find a more uniform soil than that of 
the sand hills. Nor can it be ascribed 
to exposure or any other site factors, be- 
cause wide variations in tree height occur 
under apparently identical conditions. 
Nor can competition be the cause of 
these wide variations, because in most 
of the plantations the trees are still too 
small for either their crowns or roots 
to interfere with one another. The vari- 
ations in ability of different trees to grow 
in spite of the tip-moth do not, in the 
light of present information, appear to 
be correlated with any environmnetal 
factor, but are the result of differences 
between the individual trees. Not only 
are there differences in the ability of 
individual trees of the same species to 
outgrow tip-moth injury, but there are 
still greater differences between species. 
Some pines are more susceptible to attack 
than others, and some are better able 
to resist injury than others. 

An understanding of the reasons for 
these variations between individuals and 


“we 
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between species may perhaps aid ma- 
terially in future tip-moth control. It is 
the purpose of this paper to present some 
facts which explain, in part at least, the 
reasons for these variations. 


RESISTANCE OF DIFFERENT SPECIES OF 
PINE To ATTACK 


An examination of the Nebraska plan- 
tations discloses the fact that the pine 
tip-moth, like most other insects, has a 
distinct preference for certain species. 
Austrian pine, for instance, is attacked 
very lightly, whereas western yellow 
pine is highly susceptible. Table 1 illus- 


TABLE 1 


COMPARATIVE SUSCEPTIBILITY OF DIFFERENT 
SPECIES OF PINE TO TIP-MOTH ATTACK, 
HALSEY, NEBR., 1926 

Leading Lateral 


_shoots shoots 
infested infested 


Per cent Per cent 
Western yellow pine, Pinus 


Species 


DORGLET OSM «os o1n'6 6 ae:o18'v 91° 93 77 
Norway pine, P. resinosa.... 96 64 
Jack pine, P. banksiana (di- 

HGRA «oct org RCO Coa 85 26 
Scotch pine, P. sylvestris..... 62 15 
Austrian pine, P. nigra (aus- 

CT OEEEN ites OO OEE OO 3 4 


trates the comparative susceptibility to 
attack of the five species of pine used in 
the plantations. These data are based 
upon counts made on about 1100 trees, 
including only the most susceptible height 
classes. 

On the basis of these facts it would 
appear that the logical course of proce- 
dure would be to plant only Austrian 
pine on these areas. Perhaps this may 
ultimately prove to be the best solution 
of the tip-moth problem, but if it should, 
it will be very unfortunate, because that 
species of pine grows the slowest and is 
the least desirable of the five as a forest 
tree for the region. ‘Therefore it is 


highly desirable to retain the other spe- 
cies, particularly the fast-growing and 
valuable western yellow pine. This spe- 
cies, it is true, is the most susceptible of 
the five to tip-moth attack, but every 
effort should be made to save it, if pos- 
sible, from the tip-moth. 


SUSCEPTIBILITY OF DIFFERENT SPECIES 
OF PINE To INJURY 


Just as there is a decided variation in 
the susceptibility of the different species 
of pine to attack, there is also a varia- 
tion in the amount of injury resulting 
from attack. In some species only the 
buds and a small part of the new tip are 
injured, whereas in others the injury 
may involve a considerable portion or 
even all of the current year’s growth. 
Here again the western yellow pine is 
at a disadvantage and is, on the average, 
more severely injured than the other spe- 
cies. Next in order of susceptibility to 
injury comes Norway pine, followed by 
jack pine. Scotch pine and Austrian pine 
are still more lightly injured. The data 
presented in Table 2 illustrate the com- 


TABLE 2 


COMPARISON OF AVERAGE TIP-MOTH INJURY IN 
DIFFERENT SPECIES OF PINE, HALSEY, 


NEBR., 1926 
Average length of 
injury to infested 
leaders 
Average Plot Total 
Plot No. Species height average average 
Inches Inches Inches 
19 Western yel- 
low pine .. 44.64 1.702 
13 Dey. sss 29-15 1.725 1.580 
11 LOM ae cleus 21.09 1.390 
17 Norway pine. 50.05 eae 1.07% 
20 IDO aie sa 32.86 0.672 
9 Jack pine 58.81 0.745 
16 Dpbrritecus 40.37 1.276 0.965 
4 Doe ocnis 3c 31.33 0.828 
1o Scotch pine .. 65.20 0.656 0.656 
18 Austrian pine. 49.32 0.500 0.500 
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parative susceptibility of the five species 
to injury after being attacked. ‘These 
data are based on the examination of ap- 
proximately 1000 trees. 


ABILITY OF DIFFERENT SPECIES TO 
DeveLop ADVENTITIOUS BuDs 


In most of the plantations the tip- 
moth injury is so heavy that almost every 
tip is killed each year. It is not at all 
uncommon to observe trees with practi- 
cally every bud destroyed. After such 
injury a tree is forced to develop ad- 
ventitious buds to replace the normal 
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rounded by the needles. Thus each leaf 
fascicle is homologous, not to the indi- 
vidual leaves of broad-leaved trees, but 
to a leaf-bearing branchlet. When the 
proper stimulus is applied some of these 
buds develop. The first visible effect of 
this development is a slight swelling of 
the base of the fascicle. This swelling 
increases until finally a fully formed bud 
bursts from between the needles. These 
adventitious buds can easily be distin- 
guished from normal buds in most species 
by the presence of the needles that com- 
posed the original fascicle, one on either 


buds. The fact that the trees survive side of the bud. In Norway pine, how- 
TABLE 3 
RELATIVE PERCENTAGE OF INFESTED SHOOTS PRODUCING ADVENTITIOUS BUDS IN DIFFERENT SPECIES OF 
PINE, HALSEY, NEBR., 1926 


Infested terminal shoots Infested lateral shoots 


Number Per cent Number Per cent 
Total with with Total with wit 
Species number buds buds number buds buds 
Scotch apine ws .c.cl/. Soceeae 262 260 99 390 368 94 
ACKMDIN Cac nc! o.00 Sinw oo als wpe 456 396 87 770 458 59 
AMSEC AI) DINE fis). nice ciortie. seal 62 44 71 333 188 56 
INGLY A Vos DIMI «ie cistyis ers ahs Ae ola 499 255 51 700 323 46 
Western yellow pine........ 554 267 48 870 198 23 


heavy injury, repeated year after year, 
is evidence that the ability to develop 
adventitious buds is common to all five 
species and to most of the individuals of 
these species. The readiness with which 
the trees rise to the emergency and de- 
velop these buds is, however, quite dif- 
ferent, both as between species and be- 
tween individuals of the same species. 

Adventitious buds are not often seen 
on coniferous trees, but in the tip-moth 
injured plantations in Nebraska their de- 
velopment is a common phenomenon. 
Inasmuch as buds of this kind are so 
seldom seen in uninfested regions, it may 
be of interest to describe briefly their de- 
velopment. The adventitious buds lie 
at the base of each leaf fascicle sur- 


ever, the buds frequently burst through 
the side of the bundle sheath, in which 
case it is more difficult to distinguish the 
adventitious buds. 

Some species, such as the Scotch cin 
develop adventitious buds very readily 
and in great abundance. It is not at all 
uncommon to find an injured Scotch pine 
shoot with adventitious buds developed 
in every leaf fascicle for from 5 to 10° 
inches along the uninjured part of the 
shoot. Table 3, however, based on counts. 
made in August and September, 1926, 
illustrates the fact that all species are not 
so fortunate in having this ability equally 
well developed. 

Here again the western yellow pine 
which is the most valuable species from 
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the standpoint of forestry, is at the bot- 
tom of the list. Without doubt the 
ability of the Scotch and jack pines to 
develop adventitious buds with certainty 
_and dispatch explains, at least in part, 
why these species are able to grow better 
than western yellow pine in spite of tip- 
moth injury. For instance, when the ter- 
minal portion of a Scotch pine leader is 
killed, the chances are 99 in 100 that an 
adventitious bud will be devolped just 
below the injury during the same season 
in which the injury occurred, and growth 
will be continued in the following spring 
from that point. When the terminal por- 


trian pine is not included because of the 
small number of trees of this species that 
were infested. __ 

It is evident from this table that a 
very large proportion of the injured 
shoots of all four species will ultimately 
produce adventitious buds. It is signifi- 
cant, however, that although the propor- 
tion of shoots that ultimately developed 
these buds is very large in each species 
there is a decided variation in the prompt- 
ness with which they are developed. Ob- 
servation shows that the adventitious 
buds put out soon after injury develop 
normally the following spring and, 


TABLE 4 


RELATIVE NUMBER AND PERCENTAGE OF SHOOTS PRODUCING ADVENTITIOUS BUDS DURING THE SEASON 
OF INJURY AND THE YEAR FOLLOWING INJURY, HALSEY, NEBR., 1926 AND 1927 


Leaders with adventitious buds on 1926 growth 


Fall of 1927 
Total number Fall of 1926 (Shoots and buds) 
, of leaders in- 
Species festedin1926 Number Per cent Number Per cent 
BRE CH BD EN Cie wos. chcie ass" 0 «grain dais tai ass 38 36 95 38 100 
ash (DIG 33 Ree Sas eee 110 98 89 104 95 
BR AVE DING Ble. ove isiciavecieieie.c v's. ee scl a assies 93 48 52 81 87 
Western yellow pine...:.............05- 142 81 57 137 96 


tion of a western yellow pine leader is 
killed, the chances of developing adven- 
titious buds during the same season are 
only 48 in 100. If buds are not de- 
veloped promptly, then the leader will in 
all probability be replaced by a lateral. 
Therefore the excurrent habit of growth 
‘so characteristic of conifers is maintained 
in the Scotch pine, whereas in the yellow 
pine it is often temporarily lost. 
Although there is a great variation in 
the ability of the various species of pine 
to develop adventitious buds before the 
end of the season in which a tip has been 
injured, the number of injured shoots 
that will ultimately produce these buds 
is not so different between species. This 
is illustrated in Table 4, in which Aus- 


in the absence of any normal buds, be- 
come the leaders. Buds put out during 
the spring and summer of the year fol- 
lowing injury produce smaller shoots, 
and expanding, as they often do, at the 
time of heaviest larval feeding, they have 
little chance of reaching their mature 
length and are often completely bur- 
rowed. These late buds are important, 
however, in increasing the leaf surface, 
and in case of the absence of any early 
buds they may tide the tree over for 
another season. It is obvious that the 
species that develop the adventitious buds 
soon after an injury occurs have the best 
chance of maintaining a single leading 
shoot, and that the ability of a tree to do 
this determines to a considerable degree 
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the rate of height growth. Unfortu- explained by the growth habit of the tree. 
nately western yellow pine does not de- Jack pine, unlike most other species, 
velop the adventitious buds as promptly throws out several whorls of branches 
as do the less valuable Scotch and jack during the course of a single year’s 
pines. The ability to ultimately produce growth. As a result of this habit there 
buds seems to be less in Norway pine is usually a lateral shoot on the leader 
than in western yellow pine. only a short distance below the injured 

In special studies on western yellow portion ready, if the leader is killed, to 
pine, considered later, only the buds pro- take the lead. This was the case with 
duced the same season that the injury 41 per cent of the laterals which replaced 
occurred are considered since these are leaders in Table 5. Thus this tree is es- 
of primary importance in height growth. pecially well equipped to outgrow tip- 

The important part that adventitious moth injury both by its ability to de- 
buds play in the continuation of the pre- velop adventitious buds quickly after in- 
vious year’s leading shoot is illustrated jury and because of the ease with which 
in Table 5. Austrian pine is omitted laterals may take the place of the leader. 


TABLE 5 


IMPORTANCE OF ADVENTITIOUS BUDS IN PRODUCING LEADING SHOOTS IN DIFFERENT SPECIES OF PINE 
INFESTED BY THE TIP-MOTH, HALSEY, NEBR., 1927 


Continuation of previous year’s leader— 
Leader replaced by a 


varias From normal buds From adventitious buds lateral 
: of trees ————__—r 
Species examined Number Per cent Number Per cent Number Per cent 
Scotch pine ........ 58 31 53 19 33 8 14 
NSCKEDING © 5 sks. a aes 99 30 30 40 40 29 29 
Norway pine ....... 49 oe 22 21 43 17 35 
Western yellow pine. 71 39 55 17 24 15 21 
i 
since the number of infested trees of SPECIAL STUDIES OF WESTERN _ 
this species was too small to be significant. YELLOw PINE : 


It will be seen from this table that, 
although the percentage of leading shoots 
with at least one normal bud surviving 
to carry on the terminal growth the fol- The great variation in the height of 
lowing season is nearly the same in individual trees of the same age and spe+ 
Scotch and western yellow pines, the per- cies growing under similar conditions has 
centage of leaders replaced by lateral previously been mentioned. This varia- 
shoots is decidely greater in western yel- tion is explained in part by difference in 
low than in Scotch pine. This differ- the ability of the trees to develop adventi- 
ence is due to the larger percentage of tious buds and thus continue uninter- 
injured leaders that are continued by rupted upward growth. Other factors, 


VARIATIONS OF ADVENTITIOUS 
BUD DEVELOPMENT 


adventitious buds in the Scotch pine. however, are also involved, as will bg 
The comparatively large number of shown later in this paper. 5 
leaders replaced by laterals in jack pine, Comparisons were made between west- 


in spite of the ease with which this tree ern yellow-pine plantations of differen 
develops adventitious buds promptly, is ages, and between the individual trees in 
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the same plantations, as to their ability 
to develop adventitious buds on injured 
shoots by the end of the season in which 
the injury occurred. No clear-cut corre- 
lation was found between the age of the 
plantation, the average height of the 
trees, the average rate of growth, or the 


3) 


hydrate surplus, which would naturally 
be greater in the larger than in the 
smaller trees. Table 6 illustrates this 
point. 

Although there is little or no correla- 
tion between the average height of all 
the trees on a plot and their ability to 


TABLE 6 


RELATION OF THE NUMBER OF ADVENTITIOUS BUDS PER TIP ON WESTERN YELLOW PINE TO THE AGE 
AND AVERAGE HEIGHT OF THE TREES ON SAMPLE PLOTS, HALSEY, NEBR., 1926 


Per cent of infested tips 


Average 

height 

Year planted Inches 

COVER G'S S955 RUNES eae 44.64 
CU NGD 5 aos Ss 29.15 
POOL MAG SISTA ac cab ere aie os Sa so See's 21.09 
Meets Pie aels ble elcl a b:8ie H\ sje 9 0:65 9.02 
eRe RSs eh ae erccalisl s3i5\6: $9. 0).0\'s, gp ayerwve ste 8.25 


average percentage of tips infested, and 
the percentage of tips that were able to 
develop adventitious buds. There seems 
to be little difference in this respect be- 
tween plots of the same species, regard- 
less of age and average size. 


Average number of adven- 


with adventitious buds titious buds per infested tip 
oh 


Leaders Laterals Leaders Laterals 
59-7 40.5 1.750 0.695 
50.5 12.05 1.299 0.255 
49-5 17.08 1.350 0.341 
54:5 31.03 1.310 0.448 
60.8 28.00 1.170 0.34.6 


produce adventitious buds (see Table 6), 
when the trees on a plot are divided into 
two classes according to height there is 
a decided difference in ability to develop 
adventitious buds between the trees above 
and below the average. A much larger 


TABLE 7 


RELATION OF COMPARATIVE HEIGHT TO ABILITY OF WESTERN YELLOW PINE TO PRODUCE ADVENTITIOUS 
BUDS, HALSEY, NEBR., 1926 


Average 
height 
Year planted Inches 
BONIS ais alstalovat sha letitle si nce 6's S nieiers; i oye eia)s 44.64 
SME SMMR Ee tosis sis ariVo Vole bo nals +6 4, ¥: oleae, 29.15 
SURI ina eeora(vighe evs ses alarm cleats © os 21.09 
PEED CMBR Sip ciclo tole ie Felis sce! Binian.s ast sfelieveuertns 9) 9.02 
se eae Ieee at aiielo:'s ois iai's sei vfaee: ale iolsns sete te 8.25 


In cases where adventitious buds are 
developed during the season of injury, 
however, the average number per tip ap- 
pears to increase with the age and height 
of the stand. This might naturally be 
expected in view of the fact that the 
ability to develop these buds in abundance 
is doubtless connected with the carbo- 


Trees with infested 
leaders below average 


Trees with infested 
leaders above average 


height height 
Number with Number with 
adventitious Percent adventitious Per cent 
buds with buds buds with buds 
31 77°5 24 61.5 
25 64.1 23 49.0 
24 66.6 23 47.0 
9 60.0 3 60.0 
18 72.0 II 58.0 


percentage of the taller trees are able to 
develop them than of the smaller trees 
of the same age. That this relationship 
holds on all plots from 3 to 11 years old 
is illustrated in Table 7. In this respect 
age appears to be a minor factor at best, 
but height is important. The variation 
in the height of individual trees on the 
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same plot is so great, however, that the 
effect of individual height is obscured 
when the average height of different 
plots is compared with the average abil- 
ity of the trees on these plots to develop 
adventitious buds. 

The tendency of the larger trees to 
develop adventitious buds more freely 
than the smaller trees on the same plot 
seems to hold regardless of the age of 
the plantation or the average size of the 
trees. Here is a factor that favors the 
larger and more rapidly growing trees 
on a plot, with the result that any physi- 
ological differences that may exist be- 
tween the larger and smaller classes are 
magnified. From this it would be na- 
tural to assume that within the group 
of trees above the average, the tallest 
trees would be the ones to develop the 
greatest number of adventitious buds. 
But this is not the case. The maximum 
development of these buds comes at, or 
slightly above, the average rate of 
growth. 

Perhaps the decline beyond this point 
may be explained on the basis of carbo- 
hydrate surplus; the tallest trees. are 
growing most rapidly and are probably 
using a large proportion of the synthe- 
sized food materials for growth, while the 
smallest trees have not sufficient leaf sur- 
face to much more than satisfy their min- 
imum requirements. The average trees, 
however, with their fairly large leaf sur- 
face, are able to synthesize an abundance 
of food and in addition are able, appar- 
ently, to maintain such a balance be- 
tween production and consumption as to 
have a continuous reserve of carbohy- 
drates and are therefore better able to 
develop adventitious buds in response to 
injury than are the others. So far as 
ability to outgrow the tip-moth injury 


is concerned, the trees above the average 
height of their age class have a decided 
advantage. The very tall trees, as will 
be seen, make up for their reduced capac- 
ity to develop adventitious buds by their 
rapid growth, whereas those nearer the 
average make up for their shortcomings 
in rate of growth by their increased abil- 
ity to produce adventious buds. 


GROWTH RATE OF WESTERN 
YELLOW PINE 


The rate of growth in height of a tree 
without doubt has a very important in- 
fluence upon its ability to outgrow tip- 
moth injury. Therefore height-growth 
studies of western yellow pine were made 
on a series of sample plots in the hope 
that more light might be thrown on the 
tip-moth problem. Several facts were 
clearly demonstrated. For instance, it is 
clear that the rate of growth is corre- 
lated directly with the height and not 
with the age of the tree—the taller the 
tree the more rapid the growth. This 
fact is shown in Table 8. 

It is evident from this table that the 
rate of growth does not depend upon 
the age of the plantation. In fact, the 
older trees of small size appear to grow 
somewhat more slowly than the younger 
trees of the same size. This condition is’ 
not entirely in keeping with the usual’ 
conception which assumes that with in- 
crease in age and root development a 
tree’s ability to grow increases. Never- 
theless, inasmuch as woody tissues are 
composed primarily of carbon compounds, | 
it is quite logical that the growth rate | 
of a tree should be more closely corre- 
lated with the volume of chlorophyll- 
bearing tissues than with the extent of 
the root system. Therefore as a young 
tree increases in height and crown vol- 
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ume, the growth rate increases, and will 
continue to increase as long as the leaf 
area is increasing. Eventually, competi- 
tion with other trees in a stand, or other 
factors, will tend to reduce the leaf area 
in proportion to the amount of meriste- 
matic tissues, and then growth rate will 
be correspondingly reduced. 

Apparently the greatest tip-moth in- 
jury occurs, however, in the early years 
of a plantation before the stand becomes 
closed by the touching of the crowns. 
Judging from stands of jack and Scotch 
Pine it appears that after a stand closes 


equal opportunities so far as external 
factors are concerned, may vary in height 
from less than 1 foot to over 6 feet, em- 
phasizes the individual differences that 
exist between trees. These great varia- 
tions in height might result from differ- 
ences in the susceptibility of individual 
trees to attack. If this were true, it 
would be expected that the smallest 
trees in an even-aged plantation would 
be most heavily infested. In the next 
section of this paper it will be shown that 
such a condition does not exist. There- 
fore it appears logical to assume that 


TABLE 8 
RELATION OF GROWTH RATE TO HEIGHT IN WESTERN YELLOW PINE, HALSEY, NEBR., 1926 


Plot 19, 
: planted 
Height in inches 1915 
SO} 3,D ov enc Sent Ce OOOO ners 
CSIC ¢ Sab ods doc Ope eee cee 3-91 
EPA ABD DE IOIO ROEOIC RE Re ae ae 5.22 
PERE RMR ra. fetta, p0e oFdiisia ww <,avals @ eps a's 5.8 
(BET et Sa ery OEIC Coca Jeiae,are’s 8.12 
SOSGNS oo LGScegn T0r COU OO Ee LICE 9.41 
LVL) SUN ays SIE Oe OREO RCO a 9.0 
AY TO SORES A AIOR COU OBE DORE ote 9.91 
HOLD 3 Seen ings GIO oe Cee Cea 12.22 
Deati go Gio Renae dit ceo c aap Oo Gorr 14.5 


up the amount of tip-moth injury de- 
clines rapidly. Therefore during the tip- 
moth susceptible period the growth rate 
of a tree is on the increase. 

Great individual differences in ability 
to grow exist between different trees, and 
the trees that can grow the fastest are 
best able to outgrow tip-moth injury. 
Rapid growth and the ability to develop 
adventitious buds are apparently the two 
most important factors in determining 
the success of a tip-moth infested tree. 

It has just been shown that the rate 
of growth is correlated with height ; but 
the fact that trees of the same age, with 


Growth in inches during last year 


aN 
Plot 13, Plot 11, Plot 7, Plot 6, 
planted planted planted planted 
1918 1920 1922 1923 
ies 2.00 1.20 1.64 
4.07 4-49 3-72 4.28 
6.4 6.46 6.33 7.50 
9.23 9.03 mae 
9.62 14.0 
11.1 14.0 


these differences are the result of physi- 
ological variation between the different 
trees of a species. “These differences may 
be inconspicuous in a normal, uninjured 
plantation, but in an infested plantation 
they may determine whether or not the 
tree will continue to grow in spite of tip 
injury. With each year’s growth the 
trees best able to grow produce longer 
and longer shoots, while those with less 
ability to grow tend to drop behind the 
leaders. Thus, after a few years, com- 
paratively slight physiological differences 
between individual trees may be greatly 
magnified. 
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EFFECT OF TREE HEIGHT ON TIP-MOTH 
INFESTATION 

The fact that pine trees ultimately 
outgrow tip-moth injury has been men- 
tioned several times in this paper. As 
the trees increase in size, they are able 
to make better and better growth in spite 
of the tip-moth, until at last they reach 
a height of 10 or 15 feet, after which the 
upper part of the crown appears to be- 
come less and less susceptible to attack. 
It cannot be decided definitely whether 
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ing shoots infested at various heights 
shows little of significance, but when the 
average amount of injury per leading 
shoot is considered, some evidence is 
found that the degree of injury reaches 
its peak at a height between 40 and 49 


inches, and that above this point the 


extent of injury decreases. 

Although there may be an increase in 
length of the infested portion of the 
leader in the higher growth classes, this 
increase is not sufficient to be very signifi- 


TABLE 9 


PROPORTION OF LATERAL TIPS INFESTED IN 1926 IN WESTERN YELLOW PINE OF VARIOUS HEIGHT 
CLASSES, HALSEY, NEBR. 


Lateral tips per tree 


Average 
eciaes aren a eeiewee Average 
inches | umber | REMBEE | infested 
DO ore clalanivnepuin so Bah eee 120 1.58 3-02 0.46 15 
TOSEON a tn was Soissnltte a nis iiweered 141 4.6 9-83 5-04. 51 
BOF G care ipl ccs's lane Stan's ae cere 81 6.2 23.08 16.90 73 
SORA arodivarstay och she eistelere Siena 56 8.14 31.12 25.04. 80 
ALAR ini owan ethic Oats. cintet 40 9-37 46.70 39.60 85 
ers Pe oo GOO Oe RICO Tae 18 11.3 52.90 45-70 86 
QO=“DOF sty sisi sreitiay> wage Salers a0 14 9.0 68.90 65.20 95 
USO ists tel scant s isin, u sgn 6 9.9 83.00 67.80 84 
BO BOE et aa t.wresiyhb sta, ah pe ae 5 12.2 83.80 82.20 98 
POOG ra rsic cerntsls oficls Gagan $e I 14.5 121.00 118.00 98 


this reduction in susceptibility with in- 
creased height above a certain point is 
real or only apparent, because the num- 
ber of trees in the Nebraska plantations 
in these larger height classes is very 
small. Certainly there appears to be no 
reduction in the amount of infestation 
of the lower side branches until the trees 
begin actually to touch one another. 
Careful counts on trees under 100 
inches in height, however, have shown a 
correlation between height and infesta- 
tion. A study of the percentage of lead- 


cant. The ability of a tree to outgrow 
tip-moth injury depends not upon the 
total length of the injury but upon the 
percentage of the current growth not de- 
stroyed. On the average, the percentage 
of the length of an infested leading shoot 
that survives increases with increased 
growth rate. 

The lateral shoots, like the leaders, 
show a very definite relation between 
height and tip-moth injury. The percent- 
age of lateral tips infested increases 
rapidly with an increase in height up to 


- 
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60 inches. From 60 to 100 inches the 
infestation continues at the maximum. 
No trees over 100 inches were included 
in this study but it is probable, judging 
from general observation, that the per- 
centage of infestation would begin to 
fall with still higher trees. Table 9 il- 
lustrates the average rate of growth in 
1926 and the percentage of tips infested 
in the various height classes on five west- 
ern yellow-pine sample plots. These data 
are based on 100 per cent counts of the 
tips on all the trees on these plots. 

Thus the smaller trees in a plantation 
have a decidedly lower percentage of 
lateral tips infested than do the taller. 
Since this is true, the dwarfed condition 
of the former cannot be accounted for 
by greater susceptibility to tip-moth at- 
tack. The taller trees are growing faster 
than the shorter in spite of a heavier in- 
festation. By their ability to produce 
adventitious buds and by their rapid 
growth, they are able to leave the others 
behind. Careful search fails to reveal 
any external factors that can explain the 
extreme variations in rate of growth that 
occur in the plantations. Therefore the 
conclusion is that the factors causing 
these differences are probably physio- 
logical in nature. The relationship be- 
tween tree height, rate of growth, and 
ability to produce adventitious buds sug- 
gests that differences in the ability of 
individual trees to synthesize and use 
food materials determines to a large de- 
gree their success in overcoming tip-moth 
attack. 


POSSIBILITY OF TIP-MOTH CONTROL 
THROUGH THE BREEDING OF 
RESISTANT PINES 

This opens up a wide field of investi- 
gation in the physiology of pines. It also 


opens up an almost virgin field of forest- 
insect control. By the selection of resis- 
tant varieties, and by the application of 
the principles of genetics to breeding re- 
sistant varieties, it may be possible to 
reduce materially the losses due to tip- 
moth attack. Many practical difficulties 
in handling the trees must be overcome 
before extensive work in tree genetics 
will be possible, but the selection of de- 
sirable varieties presents a comparatively 
simple problem. The Forest Service is 
already taking steps along this line which 
promise, by selecting seed from trees re- 
sistant to the attack of Peridermium and 
mistletoe, to develop strains of yellow 
pine that are more or less immune to 
these troubles. This study indicates that 
equally valuable results may be obtained 
by selecting trees for their ability to re- 
sist tip-moth injury. The characteristics 
to be desired are ability to grow rapidly, 
particularly during the late seedling and 
early sapling stages, and the ability to 
develop adventitious buds whenever 
needed. 

In localities where the pine tip-moth 
is abundant, the injury caused by the at- 
tack of this pest tends to weed out the 
more susceptible trees. Therefore in such 
a region the trees that survive are more 
likely to have the characteristics desired 
than are trees that have never been sub- 
jected to injury of this kind. In such a 
region the dominant trees are likely to 
have these characteristics to a greater 
degree than the others. Therefore for 
the present, seed for planting in the sand- 
hill region should be collected from well- 
formed dominant trees, in localities 
where the tip-moth is abundant. Prob- 
ably the Niobrara Pine Ridge in Ne- 
braska offers as good possibilities of this 
as any region. 
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Plans should be made to obtain the 
future seed supply for the Nebraska 
plantations locally. Although it will be 
many years before a local supply will be 
available, immediate steps should be 
taken to select future seed trees. At their 
present age the most desirable individuals 
can be selected with certainty. As the 
trees increase in size and eventually out- 
grow the tip-moth injury, such selection 
may be increasingly difficult. The trees 
selected for future seed production should 
be favored as much as possible by cutting 
out the surrounding trees so that their 
crown development may not be ham- 
pered. Thus an earlier crop of seed may 
be obtained. 

Certain definite limitations to the per- 
fect success of such seed selection are 
obvious. For instance, the fact that seeds 
are borne on a tree of desirable type is 
no guarantee that the trees grown from 
those seed will be of the same type. It 
is likely, however, that a larger propor- 
tion will be of desirable type than would 
be the case if seed were collected at 
random. In order to make selection of 
seed really effective, it will be necessary 
to insure fertilization by pollen from 
trees that are also of desirable type. This 
can be accomplished most certainly by 
artificial means, but such a method would 
hardly be applicable except under experi- 
mental conditions. Control of fertiliza- 
tion can probably best be accomplished, 
under practical conditions, by removing 
all trees of undesirable type from the 
Vicinity of seed trees. 

Under such a system of seed selection, 
it should be possible to develop varieties 
of yellow pine that are far superior in 


many ways to any of the present natural 
varieties. 


SUMMARY 


The control of the pine tip-moth in 
the Nebraska National Forest is one of 
the important problems in the sand-hill 
plantations. 

Trees of different species show decided 
differences in susceptibility to tip-moth 
attack and resistance to injury after at- 
tack. The least susceptible is Austrian 
pine. The other species studied in in- 
creasing order of susceptibility are Scotch 
pine, jack pine, Norway or red pine, and 
western yellow pine. Unfortunately the 
resistant Austrian pine is for other rea- 
sons the least desirable species for sand- 
hill plantings. The very susceptible 
western yellow pine is otherwise the 
most desirable tree for the region and 
therefore should be retained if means of 
controlling the tip-moth can be devel- 
oped. 

The continued growth of a tree after 
the killing of the tips is dependent upon 
the ability of the tree to develop adven- 
titious buds, and the development of 
these buds soon after injury has occurred 
is an important determining factor in the 
rate of height growth. The western yel- 
low pine is found to be the least able of 
the five species studied to produce these 
adventitious buds promptly. The Scotch 
pine and jack pine develop these buds 
very readily and in great abundance. 

Studies of western yellow pine show 
great differences between individual trees 
in ability to outgrow tip-moth injury 
which do not appear to be the result of 
external factors of the environment, but 
are rather due to physiological differ- 
ences between the trees. These differ- 
ences are magnified in the plantations as 
a result of tip-moth injury repeated year 
after year, so that young trees of the 

: 
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same age growing on the same site may 
vary greatly in height. 

The trees best able to outgrow tip- 
moth injury are those which grow most 
rapidly and which are also able to de- 
velop adventitious buds to replace those 
destroyed by the tip-moth. The growth 
rate of the trees is correlated directly 
with height. Therefore the taller trees 
are better able to outgrow injury than 
are the shorter and they are also better 
able to develop adventitious buds. A 
study of the amount of injury per leader 
indicates that the tree height at which 
tip-moth injury is at the maximum is 
between 40 and 49 inches. 

The percentage of infested lateral 
tips increases as the trees increase in 
height and reaches the maximum, when 
the trees are at a height of about 60 
inches. This maximum continues up to 
a height of at least 100 inches. Gen- 
eral observation indicates that on trees 


above 100 inches in height the amount 
of tip-moth injury falls off rapidly. 

In spite of the increased percentage 
of infestation as the trees increase in 
size and in rate of growth, the propor- 
tion of the infested terminal shoot that 
survives the attack becomes greater and 
greater as the growth rate increases. 

From this study it appears that the 
physiological differences evident between 
individual trees of western yellow pine 
are the result of differences in their ability 
to synthesize and use food materials to 
the best advantage. This opens a wide 
field of study in pure physiology, and 
also points the way to possible tip-moth 
control by the selection, as seed trees, of 
individuals possessing qualities that fit 
them for outgrowing tip-moth injury 
with the greatest facility, and eventually 
leads to the possibility of applying the 
principles of genetics to forest-insect 
problems. 


THE “KAINGIN” PROBLEM IN THE PHILIPPINES 
AND A POSSIBLE METHOD OF CONTROL 


By O. W. PFLUEGER 
Chief, Division of Investigation, Philippine Bureau of Forestry 


ae BN TROPICAL countries, the 
ao WOE most important cause of forest 
destruction is the shifting 
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method of agriculture practiced by the 


natives. While fire, insects, fungi, etc., 
injure forest growth, they are not as 
serious a menace in the tropics as this 
method of agriculture. 

In the Philippines it is known by the 
name “ kaifigin.” It is called “‘ conuco ” 
in various parts of Spanish America, 
“taungya” in Burma, “chena’”’ in 
Ceylon, “jum” in parts of India, 
“ladang”’ by the hill tribes of Borneo, 
and probably has other names in other 
tropical countries. 

We distinguish two types of kaifigin 
in the Philippines; legal and illegal. A 
legal kaifigin is one made under written 
permit, issued by the Bureau of For- 
estry, the location of which is selected 
by a forest officer. An illegal kaifigin 
is one made without such permission and 
is located wherever the native finds a 
desirable place. This, unfortunately, is 
usually on land covered with forest 
growth. 

Briefly, the method of making kaifigin 
practiced in most tropical countries 
without much modification is as follows: 

A part of the forest is selected by the 
primitive agriculturist and at the begin- 
ning of the dry season the trees and 
brush are cut and allowed to lie on the 
area until dry. ‘Then the débris is wholly 
or partially burned. 


” 


At the beginning of the rainy season 
the crop, usually rice, is planted and al- 
lowed to grow and shift for itself. Some 
grass and weeds come in but the crop 
is in fairly good shape when mature. 
The same area may be used for a second 
or a third crop but the wild plants com- 
mence to gain the ascendency and the 
area is then abandoned. The native then 
goes to a new area and repeats this 
process. 

The reasons for making kaifigin are 
primarily economic, with the following 
as the most important: . 

1. It is a primitive form of cultiva- 
tion, long practiced, and men knew no 
other. 

2. It is an easy method of raising a 
crop which is annual only. 

3. As a rule the people are poor and 
lack the means to purchase land, work 
animals, and farm implements. Usually 
only the well-to-do own land. ; 

4. A shortage of food supply (local 
famine) induces kaifigin making, also 
density of population. i 

5. A lack of land in his locality which 
may be homesteaded or purchased drives 
the native to the forest. 

In some cases the making of kaifigill 
is induced by political reasons. Men of 
influence often have land cleared b 
ignorant natives in order to plant per. 
manent crops and later secure title : 
the land. These men promise to prote 
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the kaifigin maker if prosecuted for 
violating the forest law. 

That kaifigin making is highly de- 
structive to forests is recognized by all 
who are acquainted with tropical con- 
ditions. The following quotations from 
various writers prove this fact. 


Whitford says (7): 


“There is little question that prac- 
tically the entire land area of the Philip- 
pines from sea level to the highest moun- 
tains, was originally covered with un- 
broken forest growth of some kind. .... 
The large grass areas, called cogonales, 
are covered principally with two species 
-—cogon grass (Imporata exaltata) and 
talahib (Saccharum spontaneum). Such 
areas are known as cogonales. They are 
mainly the result of the shifting system 
of agriculture, which is _ prevalent 
throughout the tropics and known in the 
Philippines as kaifigin making..... 
in this way through many years vast 
areas of forest lands have been converted 
into cogonales, and repeated firings have 
prevented any change in their vegeta- 
tion.” 


Merrill states (5): 


“Tt is practically certain that before 
the advent of man in the Philippines, 
the entire country was covered with un- 
broken forest, of one kind or another, 
from sea-level to the tops of the highest 
mountains, except, perhaps, where the 
vegetation had been temporarily de- 
stroyed by natural causes, such as vol- 
canic eruptions. Such types of vegeta- 
tion as the extensive grass-covered hills, 
mountain sides, and plains, and the open 
cultivated areas, now such prominent 
features in the landscape, did not origi- 
nally exist, so that the whole aspect of 
many localities must have been what has 
been its condition within historic times. 
When we consider that about two-thirds 
of the entire land surface of the archi- 
pelago consists of cultivated areas, open 
grass lands, thickets, and second growth 
forests, and that all these types of vege- 
tation are due directly or indirectly to 


the presence of man, some idea can be 
obtained of the profound changes that 
have been wrought in the vegetation of 
the country in past centuries.” 


Whitford in a comment (8) on Zon’s 
article on “ Forests and Human Prog- 
ress ’(Q) says: 


“It seems to the writer of this review 
that the author has greatly underesti- 
mated the degree in which primitive peo- 
ple have dominated the forests. Thus on 
page 153 he states that ‘the primitive 
agricultural system, caifigin making, of 
the Philippines could never have brought 
about the destruction of the forests, since 
the cultivator’s efforts were never cen- 
tered long enough in one place.’ A note 
at the bottom of the page supplements 
this with a quotation that ‘ it is estimated 
that kaifigin making has destroyed over 
half the original forest cover in the 
Philippines. The abandoned areas quickly 
become covered with cogon grass and 
kept free from fire, forest ultimately 
comes back.’ As a matter of fact fires 
are uncontrolled, the control is centered 
on maintaining virgin forest areas, but in 
spite of efforts of forest officers large 
areas of forests are still being destroyed. 
The fact of the matter is that this primi- 
tive method of agriculture has dominated 
nearly three-fourths of the virgin forest 
areas of the Philippines. Strange to say, 
with their crude instruments they are 
better able to conquer the forest than 
rid the soil of the rank growth of grass 
with its network of underground stems 
which fire will not kill. Here is a case 
where grass and not forests has domi- 
nated primitive mankind.” 


Cook in discussing conditions in Cen- 
tral America says (3): 


“To invoke other than the human 
agencies to account for the present lack 
of forests in many parts of Central 
America is superfluous, for the destruc- 
tive abilities of the Indians are every- 
where in evidence. Reforestation is 
everywhere going on, but the Indians 
are also busy cutting down and burn- 
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ing the woody vegetation. If the burn- 
ing of the land were limited to areas 
ready for planting the general results 
would be far less disastrous, but the fires 
are usually allowed to spread wherever 
there is fuel to carry them, and large 
tracts of land are thus kept in a perma- 
nently barren condition. At night in 
the farm-clearing season the burning 
mountain slopes gleam with lines of light 
like the streets of distant cities. By day 
the sky is darkened and the air is heavy 
with smoke. That regions now barren, 
as the valley of Salama in Central 
Guatemala, may be artificial deserts 
cleared by human agency can readily be 
understood when the facts are viewed at 
first hand. The devastation which can 
be worked in a single corn-planting sea- 
son will go far to convince the careful 
observer that the native methods of agri- 
culture have wide-reaching effects. ... . 
Facts of several different kinds thus sup- 
port the conclusion that the Central 
American region had a continuous for- 
est covering before the advent of agri- 
cultural man. If human interference 
were withdrawn the normal growth of 
the vegetation would again cover the 
Central American region with dense and 
continuous forests... .. It becomes evi- 
dent that the simple operations of primi- 
tive agriculture, the mere cutting and 
burning of the natural vegetation, can 
induce desert conditions, even in natu- 
rally forested tropical regions.” 


Jacques de Briey, in speaking of the 
destructive role of the native in the 
Belgian Congo, says (2): 


“This native, who owes so much to 
the forest which is a most precious patri- 
mony, is the systematically tenacious, 
unconscious destructor of it. 

“He attacks the forest in order to 
assure his banana plantings the humus 
and the humidity which is so indispens- 
able. The cassava, the yams, and the kid- 
ney beans next come back in regular in- 
tervals of 15 or 20 years to nullify the 
efforts which the steadily impoverished 
land has made to recover its forest cov- 
ering. 


“ When at last, almost exhausted and 
forevermore incapable of protecting itself 
against the ravages of the sun and the 
torrential rains, it bears only scanty 
brushwood and the gramineous plants 
begin to implant themselves, the taro 
and the peanuts imperceptibly push on 
the work of destruction. 

“In place of the former forest zone 
which was rich and prolific there is sub- 
stituted the torrid and desolate savannah 
which the villagers abandon in order to 
continue elsewhere their work of blind 
destruction. 

“This evolution which I have just 
outlined roughly, really is complex, and 
relatively slow. A century and a half to 
two centuries are necessary, perhaps, in 
order to pass from the primitive forest 
condition to that of an open savannah. 

“The most important point to bear in 
mind, however, is that the secondary for- 
est knows no progressive evolution which 
tends to restore its dense population and, 
always, inevitably ends in a savannah. 

“This disintegration of the forest is 
neither continued nor spontaneous; it 
operates through a number of variable 
stages depending upon the slope, the alti- 
tude and the soil, and each one demands 
the intervention of man. 

“The latter then is an intermittent 


‘ 


but necessary factor in this evolution.” — 


An unpublished report by J. R. Gillis, 
formerly forester in the Philippine 
Bureau of Forestry, states that the area 
of forest destroyed annually by illega 
kaifigin is estimated at 2000 Me 
which amounts to 200,000 pesos annually. 
This figure represents only the forest 
charges and fines for destroyed timber, 
and not the market value which is prob- 
ably 20 to 30 times more. 

The following figures compiled by the 
Bureau of Forestry are significant and 
indicate clearly the evil effects of kaifigin 
making. Of the 29,629,600 hectares 
comprising the land area of the Philif 
pines, only 3,712,712 hectares (12.5 


] 
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per cent) are cultivated, while 4,595,741 
hectares (15.5 per cent) are cogon or 
open land. Considering that practically 
all of the Philippines was once wooded 
it should be noted that almost one-third 
of the land area has already been cleared 
_and this with a population of only 11,- 
000,000. 

The destruction of the timber on 
kaifigin area is not the only evil effect 
produced. The burning over of the area 
destroys all reproduction, and after the 
area is abandoned and the grasses come 
in repeated fires prevent any reproduc- 
tion of trees taking place. The grass is 
not killed by these fires as the under- 
ground stems (rhizomes) are able to 
withstand the heat because of their depth 
below the surface. Furthermore these 
grass areas are the breeding ground of 
locusts which are a very serious pest in 
the Philippines, causing incalculable 
damage and loss to the agricultural crops. 

Moreover, soil erosion is aggravated 
and annual floods, in the rainy season, 
in regions that have been heavily kaifi- 
gined, cause great loss of property. Ex- 
amples of this may be seen in the Island 
of Cebu, the Ilocos provinces, and the 
Agno River drainage area. 

About 75 per cent of the commercial 
forest is composed of species belonging 
to the family Dipterocarpacez, and re- 
production of these species is hard to 
secure even under favorable conditions 
due to the low germination per cent of 
the seed, its short vitality, and the ex- 
acting requirements of the young seed- 
lings. Therefore, when unfavorable con- 
ditions are produced by kaifigin making, 
reproduction of these important species 
is almost impossible and artificial means 
must be used, the cost of which is prac- 
‘tically prohibitive. 


Among the many factors which make 
it difficult to check the kaifigin system, 
the following are the most important: 

1. Insufficient forestry personnel. 
This shortage of men makes it impos- 
sible to inspect carefully and at sufficient 
intervals all the forest area of the Philip- 
pines. Thus many kaifigins are not de- 
tected. 

2. Leniency of the law. The present 
laws are so lenient, especially with re- 
gard to non-Christians, that it is hard 
to secure conviction. In many cases, if 
conviction is secured, the penalty is so 
light that it has very little effect on 
the practice of making kaijfigins. 

3. Lack of work animals or funds to 
purchase them. If the farmer is too poor 
to purchase animals he naturally works 
in an area which is easily cleared. This 
is usually forest land as he is unable to 
compete with the grass unless he can 
plow the area. 

4. Lack of available land which can 
be homesteaded. While the land laws 
of the Philippines are very liberal in re- 
gard to the acquisition of public lands, 
nevertheless there are localities where 
no land is available. This is particularly 
true in those provinces some parts of 
which are densely populated and in the 
vicinity of large towns. In localities of 
this sort the available land is practically 
all homesteaded and those who own no 
farms are compelled by necessity to go 
to the public forest to raise a crop. 

5. Desire of the people to remain near 
their birth-place and near their kinfolk. 
Many of the Filipino people are not 
migratory due to strong family and 
social ties. A few tribes are migratory, 
but have been forced to move by adverse 
economic conditions in their original 
home. 
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6. The ignorance of the population. 
Many of the people have no conception 
of the necessity of preserving forests. 
This is partly due to the present abun- 
Many attempts 
have been made and numerous remedies 
proposed, both in the Philippines and 
elsewhere, to check kaifigin making. The 
best solution appears to be by educating 
the people and convincing them of the 
evil effects of this practice. However, 
the older generation is hard to convince 
and by the time the younger generation 
has reached manhood the destruction will 
have gone so far that the forests will 
be practically removed. Other methods 
are by rapid classification of the land into 
agricultural and forest zones, thus mak- 
ing available new areas for homesteads; 
a system of farm loans; an increase in the 
forestry personnel, so that better patrol 
and protection of the forests can be se- 
cured; stringent laws which provide a 
heavy fine and imprisonment; and a 
system of making kaifigin under contract 


which is practically a method of forest 
colonization. 


dance of the forests. 


This latter method, in the opinion of 
the writer, is the best solution of the 
problem for the present at least. It has 
been tried for the past seven years and 
has been found very satisfactory. A brief 
explanation of this system of control is 
given here. 

In 1910, when the Makiling Forest 
Reserve in the Province of Laguna, 
Island of Luzon, was established, a 
large number of squatters were found 
occupying the lower slopes of Mt. Makil- 
ing, making kaifigins and cutting the 
forest growth indiscriminately and un- 
checked. They were therefore required 
to plant their kaifigin areas, after har- 


vesting the crop, with forest trees, but 
this method proved unsuccessful. 

In 1920, this Forest Reserve was desig- 
nated as the Makiling National Botanic 
Garden and shortly after that its ad- 
ministration was placed in the hands of 
the Division of Investigation. The 
kaifigineros were then granted annual 
permits to make clearings in places se- 
lected by the forest officer and after the 
crop was harvested were not allowed to 
shift to a new area. In most cases the 
areas granted were semi-agricultural in 
character and consisted of land which 
could be plowed. Some areas covered 
with brush and climbing bamboos were 
opened up so as to be available for re- 
forestation a year or two later. 

Before a permit was granted to the 
kaifiginero he was required to sign a con- 
tract, the main conditions of which are 
as follows: 

1. The kaifiginero admits he has no 
title to the land. 

2. He agrees to furnish six days’ free 
labor for each hectare he has under cul- 
tivation. If he cultivates less than a 
hectare he works the corresponding num- 
ber of days. However, he is required to 
furnish at least three days’ labor. : 

3. He promises to observe the laws 
and regulations applying to the public 
forests. : 

4. He is not allowed to plant per- 
manent crops; annual crops only are per 
mitted. 

This method is much more successful 
than the old one in which the kaifigine 0 
was required to plant his clearing. 
provides a concentration of labor in o 
place where it can be properly supe 
vised. Areas in need of reforestation c 
be planted readily and very cheaply 
the only costs involved are the raising 
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transporting of the nursery stock and 
the supervision. 

The main essential is a wide-awake, 
energetic forest officer in charge. The 
kaifiginero must be properly controlled 
and made to understand that any viola- 
tion of the contract on his part will re- 
sult in the cancellation of his permit. 
In the past the squatters on Mt. Makil- 
ing were troublesome but under this new 
| system there has been no difficulty in 

handling them and thus far not one has 
refused to report for work when notified. 

Approximately 20 hectares are planted 
annually on Mt. Makiling by this 
method and the cost is less than one 
centavo per tree. In calculating the cost 
it was assumed that each man earned one 
peso per day, which is the basic wage 
in this locality. This cost is therefore 
figurative and the actual expenditure is 
much less. The method has proven so 
successful that it is now being tried in 
two other places in the Philippines, 
namely, the Island of Cebu and the 
Ilocos provinces of Luzon. 

It is interesting to note that practically 
similar methods of securing forest labor 
are in use in Assam (6) and Burma (4), 
where forest villages have been estab- 
lished. In the former case each adult is 
required to render 10 days’ labor with- 
out pay for the use of 30 bighas (10 
acres) of land. This method is in use 
in other parts of India also (1). 

The evils of kaifigin making are so 
evident and the problem is of such im- 
portance that its solution should be given 
immediate attention by tropical foresters. 
It is the author’s opinion that the method 


described above, used with such modifi- 
cations as conditions may require, offers 
the best possible means of handling this 
problem at the present time. 
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FORESTRY IN TRINIDAD 
By D. M. MATTHEWS 


Professor of Forest Management, School of Forestry and Conservation, 
University of Michigan 


|, GOST PEOPLE, including many 
% foresters, think of forestry as 
# practicable only in dealing with 


ae relatively simple forests of temper- 
ate climates. We picture a tropical for- 
est as a “jungle” difficult of penetra- 
tion, composed of vast numbers of unre- 
lated plants, gorgeous with exotic blooms, 
and filled with miasmatic effluvia, into 
which man ventures at the risk of his 
health and life to extract a few rare and 
valuable woods. The thought that for- 
ests are as great an asset to tropical coun- 
tries as to our own is one that escapes 
most of us. That they are essential to 
the agricultural and general economic 
life of the countries where they exist, and 
that they can be made to respond to man- 
agement and yield permanent direct and 
indirect revenues, is a fact which is only 
gradually receiving recognition. 
European governments, administering 
colonial possessions in the tropics, have 
appreciated the value of their forests and 
have applied the principles of scientific 
forestry to them for years. Our own gov- 
ernment has done so in the Philippine 
Islands, but it has remained for Euro- 
pean administration to take the initiative 
with tropical forestry in this hemisphere. 
Here and there in Central and South 
America are small areas of territory un- 
der the control of European governments 
and each and every one of them has a 
forest service, more or less recently or- 
ganized, which is laying the ground work 


for the successful administration and 
control of the tremendous areas of forest 
in the southern Americas which contain 
the world’s last big reserve of forest 
wealth. 

It is perfectly natural that the initia- 
tive should be taken by these govern- 
ments. They have a stake in the coun- 
try in common with the other indepen- 
dent governments, but they have the ad- 
ditional advantage of experience in other 
parts of the world to draw upon and a 
trained personnel with which to staff the 
services organized on this side. ‘They 
are, of course, confining their activities 
to their own territories, which make up 
but a small percentage of the total area 
of the American tropics. There is ur- 
gent need for organized forest work in 
the other countries, and the United 
States should lend a hand in getting it 
started. The conservation of natural re- 
sources is becoming a vital problem here 
in the north and, as similar problems arise 
in neighboring countries to the south, we - 
should stand ready to aid where we can. © 
In the meantime this pioneer work in- 


i 


tropical forestry cannot but be of inter- — 
est to us. ; 

The appreciation of forests as an asset, 
where the area under control is large and _ 
not densely populated, is always delayed. 
Thus islands are more likely to feel the 
need for adequate areas of forest sooner 
than any political division of a continent. — 
Continental communities can often — 
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shoulder their forest responsibility off on 
to their neighbors, but an island cannot, 
and often awakes to a realization of this 
fact too late. The British Colony of 
Trinidad, an island of some 1863 square 
miles lying just off the coast of Vene- 
zuela opposite the delta of the Orinoco, 
is fortunate in that it began the scien- 
tific administration of its forests before 
the demand for timber and unwise agri- 
cultural expansion had reduced their area 
below the safety point. 

The island was discovered by Colum- 
bus in 1498 and has been steadily under 
British control since 1797. Although 
known to the world chiefly for its pitch 
lake and its exports of oil and asphalt, 
it is primarily an agricultural commu- 
nity occupying a leading place in the pro- 
duction of cacao and raising a great va- 
riety of other tropical crops. The indi- 
rect value of the forests to the agricul- 
tural interests of the community has long 
been recognized. To quote the conserva- 
tor of forests for the colony, “ The for- 
ests of Trinidad and Tobago have 
mainly been considered of value because 
of their indirect utility. Their effect on 
the climate, on preserving the humidity 
of the air so necessary for agriculture, in 
preventing erosion, and acting as wind- 
breaks, has saved them from a destruc- 
tion which their potential value as 
sources of timber would not have 
averted.” 

Due to the farsightedness of those 
interested in agriculture the question of 
forest conservancy came to the fore as 
early as 1891 and again in 1899. In 
1900 an officer of the Indian Forest 
Service was engaged to report on the for- 
ests of the colony and this led in 1901 to 
the appointment of a forest officer. As 
was natural the first forest work was 


the selection and demarcation of forest 
reserves to insure the colony against for- 
est denudation. This work was taken 
in hand in time and as a result 1004 
square miles out of the total 1976 square 
miles comprising the area of Trinidad 
and Tobago are still in forest. Of this 
forest area 338 square miles are well 
chosen forest reserves which the Colo- 
nial Forest Service is now putting under 
management. All of the area has been 
type-mapped and the essential data nec- 
essary to the prosecution of a sound and 
progressive forest policy are in hand. 
The above is no mean achievement 
and should not be discounted because the 
area dealt with is relatively small and 
the forests accessible. That an efficient 
forest administration has been conducted 
concurrently with the above work goes 
without saying, for otherwise the results 
accomplished would not have been ob- 
tained and the very accessibility of the 
forests would have been the guaranty of 
their destruction. Since 1906, when the 
Forest Department came on a permanent 
basis, up to the end of 1924 the total ex- 
penditure on this account was some 
$385,000, but the corresponding revenue 
was $615,000 thereby supplying a sur- 
plus to the general revenue of the colony 
of $230,000. The main object of forest 
conservancy, that of ensuring the colony 
against the evil effects of forest denuda- 
tion, has been accomplished. Fifty-one 
per cent of the total area is under forest 
cover and seventeen per cent is in forest 
reserves which are permanent. It is pro- 
posed to add to these from time to time 
and there is no possibility of a reversal 
of policy that will permit the unwise 
clearing of large areas of land which, 
for the good of the colony as a whole, 
should be permanent forest areas. 
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But until recent years very little had 
been done in the actual practice of the 
science of forestry. The duties connected 
with the administration of general for- 
est business and the selection and de- 
marcation of reserves left no time for 
the small staff to undertake more pro- 
gressive work nor were the necessary 
funds available. The need is now being 
felt for a policy, backed by adequate 
financial support, which will enable the 
colony to manage its forests more pro- 
ductively to the end that it will be inde- 
pendent from a production standpoint 
as it is safeguarded from a climatic and 
soil standpoint. Despite the large per- 
centage of area in forest the colony im- 
ports annually timber to the value of 
between $800,000 and $1,000,000, while 
the value of the native timber cut an- 
nually is only about $500,000. The con- 
servator rightly contends that this an- 
nual timber bill is unnecessary and that 
a moderate annual expenditure now on 
forest improvement and planting will 
enable the production within the colony 
of all its timber requirements, or of tim- 
ber and forest products which will have 
a greater value than the cost of such tim- 
ber as it may be desirable to import. 

Although wise legislation has retained 
to the colony adequate areas of forest, 
the demands for timber due to agricul- 
tural development and the expansion of 
the oil industry have constituted a heavy 
drain on these areas for many years. 
Until recently the colony was content 
with the protection of forest area and 
was not concerned as to the volume 
stand per acre or the productivity of the 
forests, and hence placed no restriction 
on felling for use. In 1918 it was real- 
ized that the timber supply was becom- 
ing exhausted and an attempt at selection 


management by the establishment of a 
girth limit system was initiated. The 
system protected trees below the girths of 
from four to ten feet, depending upon 
the species, and further stipulated that 
no tree above the limit should be felled 
unless another tree of the same species 
over three feet in girth was standing 
within three hundred feet of the one 
selected for felling. This regulation, 
combined with the doubling of the roy- 
alty for trees within the reserves, had 
the effect of checking the elimination of 
the more valuable species and retaining 
a number of seed bearers for future oper- 
ations. But, in common with all selec- 
tion systems, it failed to provide ade- 
quately for the regeneration necessary to 
sustained yield. An arbitrary system 
such as this is necessarily based on the 
marketable value of the timber without | 
regard to the varying requirements of 
regeneration. It can be successful only 
in a forest where all age classes are pro- 
portionally represented and where weed 
trees—those which have no present mar- 
ketable value—do not exist and where 
their entrance subsequent to cutting need : 
not be feared. These conditions rarely, 
if ever, exist in tropical forests. In fact — 
the adoption of unmodified silvicultural — 
systems of proven success in the temper- 
ate zones is rarely adequate to meet the | 
different conditions in the tropics. : 
Although the popular conception that — 
a tropical forest is composed of a vast 
number of different species and that a_ 
valuable tree is rarely encountered, is 
not correct; nevertheless semi-useless — 
species do exist in quantity and always 
stand ready to replace the more valuable — 
ones when given a chance. The forest 
is usually two or three-storied. The 
more valuable trees are the dominant 
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ones. In the second story occur a very 
mixed lot of semi-tolerant species which 
are capable of more than holding their 
own in competition with the necessarily 
suppressed smaller individuals of the 
dominant group, and in the lower story 
and on the ground the real reproduction 
of this group is found in still more severe 
competition with the reproduction of the 
tolerant second story trees and other 


_ very tolerant small trees and vines which 


make up the often very dense under- 
growth. A girth limit system therefore 
has the effect of giving these other spe- 
cies just the chance they are looking for. 
It removes the dominant group within 
too short a period without at the same 
time reducing the numbers of the com- 
peting species in the lower stories. The 
age-long balance of the forest is upset at 
the expense of the very crop which it is 
wished to regenerate and both the vol- 
ume composition and species composition 
of the forest is changed to that of a lower 
grade. 

This is just what has happened in 
Trinidad and everywhere else in the 
tropics where selective logging has been 
carried on. It is definitely recognized in 
Trinidad, as it should be elsewhere, that 
arbitrary girth limit systems of manage- 
ment are ineffective in most tropical for- 
ests and that systems will have to be de- 
vised which will more adequately bring 
forward the regeneration of what we 
may call the “ crop trees.” The solution 
of the problem lies in the elimination of 
undesirable competing species. An obvi- 
ous method is to go in definitely for clear 
cutting and resort to the artificial re- 
generation of the desired species. ‘This 
would be applicable to unlogged areas 
only where there is sufficient valuable 
timber to permit of an intensive logging 
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operation. It is out of the question in 
Trinidad where the value of the forest 
has been reduced by a long period of 
selective felling. 

The silvicultural problem thus pre- 
sented is an intricate one. The existing 
forests contain a reasonable percentage 
of species which it is desired to regener- 
ate but forest conditions, such as atmos- 
pheric humidity, soil moisture, and aera- 
tion, are largely dependent upon the pres- 
ence of trees which are not desired in the 
next crop. The problem is being ap- 
proached experimentally by improve- 
ment and liberation cuttings conducted 
on small selected blocks. The aim is to 
determine the cost of these and to what 
extent they can proceed with safety to 
the forest conditions essential to rapid 
growth on the one hand and the elimi- 
nation of undesirable species on the other. 
Also under-planting with desirable spe- 
cies is being tried out wherever condi- 
tions warrant it. Such work calls for 
close and continuous observation and 
careful consideration of seed years and 
their periodicity with major species, 
yearly and seasonal climatic variations, 
etc. As the data resulting from these 
experiments and observations permit, 
working plans will be prepared for defi- 
nite areas aiming to bring these under 
determined rotations and susceptible to 
periodic cutting and regeneration. 

Aside from this work a very great deal 
of valuable experimentation has been 
carried on in the formation of forest 
plantations both on recently cleared for- 
est areas and abandoned agricultural 
land. The desirability of forest plant- 
ing was first considered some twenty 
years ago and since then both government 
and private owners have taken an in- 
creasing interest in it. The cultivation 
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of cacao and coffee, both crops which re- 
quire shade, has stimulated the interest 
of private plantation owners, who have 
established some thousands of acres of 
forest plantations—chiefly mahogany and 
cedar—at low elevations close to, or in 
conjunction with, cacao plantations. At 
the end of 1922 the area of government 
plantations amounted to 1,248 acres 
which is being added to experimentally 
year by year. The most extensively 
planted species have been Cedrela mexi- 
cana (cigar box cedar), Tecoma serrati- 
folia (poui), Cordia alliodora (cypre), 
Copaifera officinalis (balsam), Hyme- 
nea courbaril (locust), and Tectona 
grandis (teak) which was introduced 
from Burma in 1913. 

Although the first forest planting was 
undertaken by the government some 
seventeen years ago, there has, until re- 
cently, been no continuity of policy with 
respect to this branch of the Forest De- 
partment’s work and therefore the value 
of much of the older plantations has 
been lost through lack of care and ob- 
servation of results during subsequent 
years. Partly from this cause and partly 
due to lack of knowledge of the silvicul- 
tural requirements of many of the spe- 
cies handled, the work has to record many 
failures. ‘There are several exceptions 
to this, however, notably teak, with which 
great success was obtained from the start. 
It is very interesting to note that this 
was the one species whose silvicultural 
requirements were fully understood. 
The experience of many years of prac- 
tice with the species in Burma and In- 
dia was available as a guide to the treat- 
ment it should receive in Trinidad and 
the adoption of the successful methods 
of those countries met with instant suc- 
cess. Not only was a high percentage of 


germination obtained but there was lit- 
tle failure in plantations and it has shown 
a rate of growth greater than it usually 
attains in the countries where it is in- 
digenous. This fact is significant as in- 
dicating that success in forest plantation 
work in the tropics is contingent upon a 
thorough knowledge of the requirements 
of the species handled and can be confi- 
dently expected when such knowledge 
is available. 

Private plantation owners have also 
achieved very good results with Hon- 
duras mahogany (Swietenia macro- 
phylla), which has been brought to clo- 
sure at a reasonable cost per acre and 
with every prospect of yielding hand- 
some returns from the investment on a 
fifty-year rotation. More recent work 
with cigar box cedar indicates that the 
experimental stage with that species is 
now over and that success with it can be 
generally expected. Past results and pres- 
ent experimentation may be said to have 
demonstrated conclusively that planta- 
tions of teak, Honduras mahogany, and 
cedar can be brought to closure, i. e., to’ 
a point where no further expenditure will 
have to be incurred, at costs ranging 
from $20 to $35 per acre, depending on 
the amount of preparation required be- 
fore planting. The lower cost is for 
cleared areas and the higher for areas 
where the remaining forest has to be 
felled and burned. Observed rates of 
growth in plantations which have at= 
tained ages of from ten to twenty years 
indicate that yields of up to 35,000 board 
feet per acre on fifty-year rotations can 
be confidently expected. : 

These probable results are confirmed 
by experience in Ceylon, India, Burm { 
and the Dutch East Indies. To the 

: 
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writer, who has had sixteen years experi- 
ence in the forests of the Philippines and 
British Borneo, they present a very 
strong argument for management by the 
clear cutting and planting system. Clear 
cutting, wherever it is possible, always 
simplifies the logging problem, gives a 
greater net return from the harvested 
crop, and thereby releases a greater pro- 
portional sum for reinvestment in the 
next crop. By this statement I do not 
mean to discount the very valuable work 
being done in Trinidad in the attempt 


to convert by cultural methods depleted 
forests of poor grade into manageable 
forests of crop trees fully stocked. Such 
operations will always have to be carried 
out, especially where it is essential that 
forest cover be maintained on the land. 
But results from such operations are 
necessarily very slow, and it is felt that 
where new timber crops accompanied by 
adequate financial returns are the chief 
desideratum the establishment of new 
plantations is the quickest and surest way 
of obtaining it. 
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The Forestry Question in Great 
Britain. By E. P. Stebbing. John 
Lane, The Bodley Head, Ltd., Lon- 
don, 1928. Pp. 217. 


The author discusses the forestry ques- 
tion from the point of view of both the 
public and the forester. Great Britain, 
we learn, is almost totally dependent on 
European forests—particularly softwood 
forests—for the supplies essential to cer- 
tain of her industries. In 1927 she im- 
ported 2,034,686 standards (406,937,- 
000 board feet). About 80 per cent of the 
wood used in Great Britain consists of 
softwood and the only portion of the 
Empire which contains extensive forests 
of this type is Canada. It is interesting 
to note that in 1926 Canada exported 
931,000 standards (186,200,000 board 
feet), over 80 per cent of which was ab- 
sorbed by the United States, England 
taking only about 8 per cent. The 
author states that economic facts will 
render it inevitable that the greater part 
of Canada’s exports in softwoods will be 
taken by the United States. 

Farm woodlots in Great Britain ap- 
pear to be regarded by their owners in 
much the same light as they are in Amer- 
ica. It is stated that the wood, as a 
possible source of permanent income, or 
as a valuable asset to the nation, means 
nothing to the farmer. 

In discussing the financial aspect of the 
forestry question it appears that the 
author has faced the issue fairly. In 
speaking of some of the waste lands to 
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be planted he states: “ The first crop 
after planting cannot be expected to be 
a very heavy or very valuable one finan- 
cially.” The situation is summed up in 
the following words: ‘‘ You may not get 
your money back, you probably will not 
in many cases, on the first rotation; but 
you should certainly get it back indi- 
rectly, and possibly may cover the loss 
on the first rotation directly, on the sec- 
ond.” ‘The above remarks are not in- 
tended to apply to plantings on cut-over 
lands or lands which have recently been 
under forest cover; such areas should 
produce a higher financial return. 

It is interesting to learn that the chief 
purpose of the 1919 Forestry Act was 
to provide for planting an area sufh- 
cient to ensure a three years’ supply of 
timber in case of a future war. Drawn 
up as it was during the war period, it 
is not surprising that the report gives 
such prominence to the security issue. 

At the outbreak of the Great War the 
British public did not own an acre of 
national woodland. Of the 3,000,000 
acres of woodland about 97 per cent was_ 
privately owned and 3 per cent was in 
Crown forests. 

In presenting the case for the forester 
the author discusses different types of 
forests and the reasons for growing 
them. He suggests that the forest soils” 
of Britain be classified into those which — 
are still capable of producing the a 
cellent indigenous hardwood species and 
those which are not, assigning the lat- j 
ter to the production of conifers. British 
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oak and ash will always command high 
prices in British markets. In 1928 it 
was stated that the ash boat oars of the 
British navy were manufactured in the 
United States, so depleted are the British 
hardwood supplies. The policy of plant- 
ing all available forest land with coni- 
fers regardless of its capacity to produce 
excellent hardwood timber is considered 
unsound. The extensive use of exotic 
species in reforestation is characterized 
as being risky, or, better yet, a gamble. 

The old Royal forests have suffered 
severely in the past from lack of appli- 
cation of forestry principles. It is rec- 
ommended that these areas be placed 
under scientific forest management so 
that in time they may serve as field labo- 
ratories for the instruction of young 
British foresters in the higher branches 
of silviculture. The shelterwood com- 
partment system is suggested as the sil- 
vicultural system par excellence for the 
management of the oak stands in the 
old Royal forests. 

Privately owned woodlands are gen- 
erally not managed according to forestry 
principles. The writer feels that a sound 
forest policy must provide for the preser- 
vation of every acre of existing forest 
land. Timber stands should be main- 
tained or replaced by new crops man- 
aged upon sound silvicultural lines. 
Since private owners are unable to prop- 
erly manage their stands it is recom- 
mended that one of two methods of 
assistance be used: 

1. The government would pay the 
proprietor an annual rent based on mar- 
ket values, standing all expense in con- 
nection with the reforestation work and 
subsequent upkeep and retaining the 
profits. The lease should be for at least 
two forest rotations. 


2. The proprietor would forego an 
annual rental fee, the government de- 
fraying the cost of reforestation and sub- 
sequently dividing with the proprietor 
the expense of upkeep. Receipts would 
be divided between the government and 
the proprietor according to the amounts 
of capital invested by each. 

One of these two schemes is held pref- 
erable, from the standpoint of the public, 
to endeavoring to buy the land outright. 

The common lands of Britain at the 
present time do not produce anything 
like what might be expected from them 
under reasonable forest management. 
Commoners’ rights, legally established, 
are a particularly thorny problem. The 
land subject to such rights is not owned 
by the right holders but belongs to an- 
other party. Rights vary from the free 
use of forest material to grazing of 
stock or to rights of way. Not uncom- 
monly the rights are of such a nature 
as to preclude the proprietor’s putting 
the land to its best use under modern 
conditions. 

The views of the government and 
Parliament are discussed. It appears 
that the government is definitely com- 
mitted to carrying out a forestry pro- 
gram. During the period 1919-1929 
about 239,000 acres have been planted, 
as against a proposed area for this period 
of 250,000 acres. 

Of the total area of woodland in 
Britain—2,958,630 acres—less than half 
(1,416,870 acres) is reasonably pro- 
ductive; 808,800 acres are, from a for- 
estry point of view, idle land; 528,670 
acres of coppice and coppice with stand- 
ards have a very low average produc- 
tivity; and 204,290 acres are definitely 
uneconomic in the sense that they are 
outside the scope of commercial for- 
estry. The immediate outlook is serious ; 
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the timber remaining is equivalent to 
about nine months’ consumption of saw- 
timber. The author predicts that the 
reserves of standing coniferous timber 
will steadily grow worse until the post- 
war plantings become effective. 

The weakness of the rigid lines on 
which the Forestry Commission has 
proceeded is discussed and it is recom- 
mended that instead of proceeding by 
10-year periods the next period sanc- 
tioned by the government be for 20 
years. The author thinks it unwise to 
provide for the acquisition and planting 
of a definite acreage annually. The 
former provision places unnecessary re- 
sponsibility on the officers selecting the 
land and may lead to unwise purchases. 
The latter provision apparently has re- 
sulted in more attention being paid to 
area planted than to quality of planta- 
tions produced. The ultimate result was 
to resort to wider spacing—a very ques- 
tionable step. 

Planting costs seem very high; in 
England and Wales £8 14s. 5d. 
($42.25) and in Scotland £9 3s. 6d. 
($44.45) per acre. It is suggested by 
the author that the Forestry Commis- 
sion carry out experiments in establish- 
ing stands by direct sowing instead of 
planting. Afforestation schemes now 
being carried out in France at Auvergne 
and La Creuse are mentioned. At these 
places Scotch pine and spruce are sown 
with high success. Results at these 
places indicate that better timber can 
be produced by sowing, as compared with 
planting, unless the latter can be under- 
taken with close spacing. 

The author is to be complimented on 
the clear, fearless way in which he has 
presented the forestry question in Great 


Britain. H. J. Lutz. 
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The Influence of Man on Animal 
Life in Scotland. By James 
Richie, Assistant-Keeper in the 
Natural History Department of 
the Royal Scottish Museum (Scot- 
tish Education Department). Cam- 
bridge University Press, 1920. Pp. 
550. 


This book, published in 1920, has ap- 
parently escaped review in the JOURNAL 
because it is classified under Genetics, 
although of more interest to foresters, 
ecologists, and game protectors than to 
geneticists. It is a scientific treatise in 
the engaging style of Marsh’s classical 
work on “ The Earth as Modified by 
Human Action,” and treats of man’s 
direct and indirect interference with ani- 
mal life. 

Discussion is mainly of conditions in 
Scotland, but the book abounds in 
striking examples of man’s influence in 
other parts of the world, especially North 
America, and the conclusions are of gen- 


eral application. Many citations go to 


prove that “ a little knowledge of natural 


history is a dangerous thing.” On the 
other hand, in the chapters on forest de- — 


struction the author states: 


“Great as has been the destruction 


. 


wrought by man in our own woodlands, — 


the series of natural changes revealed in 
the layers of our peat mosses should warn 
lest we lay too much to the charge of 
human interference.” 


Neolithic man and his successors of 
the Bronze and Iron Ages caused few 
permanent changes in the fauna of 
Scotland. Of the creatures which Neo- 
lithic man found in Scotland some 7000 
years before Christ, the author concludes 
that only four species were extinct at 
the opening of the Christian era, and 
these disappearances were probably not 
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due to man. But in domesticating wild 
animals Neolithic man set in motion a 
force which has been the most potent 
factor in changing the natural order. 
The necessity for food and fuel of an in- 
creasing population after the Roman con- 
quest of the Scottish Lowlands led to 
the spread of agriculture and forest de- 
struction, so that about the tenth century 
the brown bear, reindeer, elk, and several 
other animals had become extinct or 
practically so. This process was hastened 
after the sixteenth century by the inven- 
tion of powder and guns, blotting out 
the wolf, beaver, great bustard, crane, 
bittern, white-tailed eagle, goshawk, kite, 
and osprey. Today commerce and rapid 
transportation place the world at the 
mercy of a power heretofore limited by 
natural barriers. 

The chapters on “ Camp-followers of 
Commerce” and “ Chains of Circum- 
stances” are of special interest. The 
author states that America has been 
generous in her dispersal of plant pests, 
among them the American blight (wooly 
apple aphis) and the grape phylloxera. 
The latter was introduced into France 
from the eastern United States before 
1863, and by 1884 had destroyed two 
and one-half million acres of French 
vineyards. 

“Tt is a curious comment on the thor- 
oughness of the distribution of animals 
through commerce that this American 
vine-bug, which under natural conditions 
never reached California from its home 
in the eastern states, should have been 
introduced there by way of Europe. To 
California it was brought from France 
on vine cuttings imported before 1874; 
and since then it has spread over the 
whole state, having destroyed in its pro- 
gress some 30,000 acres of vineyards.” 

Other pests introduced from America 
into Great Britain are the cockroach, 


meal worm, pea and bean beetles, Doug- 
las fir chalcid, small red house ant, and 
Canadian water weed. The author calls 
attention to the establishment of Plant 
Quarantine No. 37 by the U. S. Govern- 
ment, and adds the ironic exclamation 
“Britain has not yet instituted a system- 
atic examination of imports for trans- 
ported pests.” 

The most striking result of a broad 
comparison between the animal inhabi- 
tants of Scotland at the coming of man 
and at the present day, is that the total 
number of living things has markedly 
increased. The fauna as a whole has 
gained in numbers and variety from 
man’s presence and interference. “The 
author presents data to show that the 
population of the larger animals, taken 
over the whole country, has been in- 
creased about 8 to 10 times over, nearly 
all in the cultivated areas. It is shown 
that the fourteen or so species of beasts 
and birds and the few additional insects 
which have been banished from Scotland 
since man interfered, are more than 
replaced so far as species go, by creatures 
introduced either deliberately, like the 
fallow deer, rabbit, squirrels, pheasant, 
etc., or brought in accidentally, such as 
black and brown rats, and a score of 
parasites and pests. 


“How then can we account for our 
impressions of loss in the fauna, since 
in reality it has gained both in number 
and variety? The wild fauna has not 
fallen off in numbers nor in variety, but 
visible numbers and varieties have gone, 
and their places have been taken by in- 
visible hordes; the smaller things have 
been added in a bigger ratio than the 
larger have been lost. The standard of 
the wild fauna as regards size has fallen 
and is falling. In spite of statistics and of 
multitudes of species, we have in effect 
lost more than we have gained. .... 
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“In the animal world, the chains of 
circumstances are strong, and the invisi- 
ble bonds which link creature with crea- 
ture and animal life with vegetable, and 
make each least being a necessary link in 
the welfare of another, cannot be tam- 
pered with without setting loose forces 
the final workings of which we cannot 
see. 
“Did the Italians, as they slew wan- 
tonly and recklessly their birds of prey, 
realize that moles would increase in 
number and with their burrows riddle 
those dykes laboriously constructed by 
man to keep in check the river Po, so 
that many square miles of fertile land 
have been flooded? Did the colonists 
dream of the ultimate influence of the 
sparrows and starlings, the rabbits, foxes, 
and weasels they were so ready to plant 
in their new lands? Did the early navi- 
gators, who in good will to their fellow- 
men, placed pigs on many of the islands 
they touched, suppose that history would 
lay at their door the total exterpation 
of the Dodo of Mauritius, and possibly 
of the Solitaire of Rodriguez?” 


After discussing the consequences of 
grazing on forest reproduction and ex- 
tension, the author continues: 


“Such a consequence of the introduc- 
tion of new animals is so gradual in 
development that it is scarcely noticed 
amid a confusion of causes and effects. 
But St. Helena offers a vivid presentment 
of its stages. When it was discovered by 
the Portuguese in 1502, the island was 
covered with luxuriant forests and a rich 
assemblage of peculiar plants. Goats 
were introduced in 1513 and multiplied 
rapidly; then native plants and even the 
tropical forests began to disappear, yet 
even in 1709, the native ebony was so 
abundant that it was used as fuel for 
burning lime. With the enormous in- 
crease in numbers of the goats, however, 
new forest growth ceased, and when the 
older trees had been cut down by man, it 
was realized in 1810, that the forests 
were gone, leaving no successors to take 


their place. The island, which was a 
precious oasis of tropical plant life set 
in the midst of the Atlantic, has become 
a barren and rocky waste. 

“ Results of similar nature, but on a 
less noticeable scale, have followed the 
introduction of sheep, goats, and rabbits 
in Scotland, and the destruction of the 
forest, for which they were in part re- 
sponsible, set in motion many trains of 
circumstances, the origins of some of 
which have been traced in an earlier 
chapter. 

“In other ways man’s influence over 
animals has had a vital power in mould- 
ing his own character and in guiding the 
lines of his civilization. And this is true 
in particular of the deliberate part he has 
played in domesticating animals. The 
attention he has devoted to the fostering 
of the creatures he has selected for his 
personal service has given birth to a new 
feeling of regard for life and living 
things, a new feeling of proprietorship 
and of responsibility. And these new 
feelings of community and of responsi- 
bility have together formed the founda- 
tions of the complex structure of social 
life.” 

S. B. Detwi er. 
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The Plant Life of the Balkan Pe- 
ninsula. By W. B. Turrill. 4 
Phytogeographical Study. Oxford 
Univ. Press, London. Pp. xxii and : 
400, 14 pl., II maps. 1929. 


A. G. Tansley, in the editor’s preface, — 
refers to this work as the first of a series _ 
of “solid contributions to the Oxford 
Memoirs of Plant Geography.” Mr. 
Turrill has presented to the student of 
plant geography in its widest sense not 
only a mass of data but also analyses 
and interpretations which will long stand 
as a guide to future work of this nature. 


REVIEWS 83 


The inclusiveness of the work may be 
judged from the chapter headings: 


I. Boundaries, Geographical Divi- 
sions, and Physical Features 

II. Geology and Soils 

Climate 

Duration and Life Forms of 
Balkan Peninsular Plants 

V. Flowering Periods 

Habitat Classification 

Altitudinal Zonation 

Plant Communities 

Plant Succession 

X. The Influence of Man on the 
Flora and Vegetation 

Cultivated Crops 

Floristic and Phytogeographical 
Data Summarized for the 
Families of the Balkan Pe- 
ninsular Phanerogams 

Plant Dispersal and Animal Mi- 
grations 

Floristic and Vegetational Dis- 
tribution within the Balkan 
Peninsula 

Floristic and Vegetational Dis- 
tribution of Balkan Peninsular 
Species Outside the Peninsula 

Endemic and Relict Species and 
the “ Age and Area” Hypo- 
thesis 


EACTIT. 
XIV. 


XV. 


XVI. 


Foresters, as well as taxonomic bota- 
nists and ecologists, will find material 
of particular interest and value in this 
splendid work. The employment of 
floral spectra, similar to those of Raun- 
kiaer, being the distribution of species 
by life forms, presents suggestive treat- 
ment of forest types. Spectra of vegeta- 
tion succeeding forest fires should give 
the forester a valuable analysis for the 
detection of trends in succession of forest 
vegetation. 

Habitats are classified according to 
indicator vegetation. The number of spe- 


cies occurring in the various habitats 
are listed with the following results: 


Habitat No. of species 


Stony and dry places........ 2527 
Grassy places, meadows, etc... 1,691 
Dry rocks, and walls and 
EREVICES BRA itr cu sewt eG, ay 1,140 
PIVOT ice cs ee sa ee ee 1,051 
Woods and forests......... 844 
Arable fields and gardens.... 597 
RUE DIACES | AW. 0 496 
Marshes and stream sides.... 486 
ater al Places 2 ion ses sane» 319 
OME VALOS © fags oak oo es on 134 
Stony rocky humid places.... 82 
MresieM acer Aes oa Sake Oe 71 
Gime tre Ov eile. 50's eas 60 
LET ES ne ae ee 29 
ECM SSROW Ulonno + 61.005» 18 
See tate on tee eas 5 


The significance of these distributions 
is made apparent in the chapter dealing 
with the “Influence of Man on Vege- 
tation’”’ which requires special notice. 
The destruction of forests by man has 
increased the areas bearing the larger 
diversity of species. 

Another analysis of vegetation by alti- 
tudinal zones, and by species, families, 
and orders, presents an interesting cross 
section of Balkan vegetation. 

Forest destruction has been a wide- 
spread phenomenon in the Balkan Pe- 
ninsula particularly since classical times. 
Other types of vegetation now occupy 
areas formerly covered with forests, and 
may be considered as stages in a succes- 
sion of which the forest is the climax. 
Activities of man, however, are still in- 
terfering with the normal progress of 
this succession. 

The forest and brushwood commu- 
nities are of particular interest to the 
forester, A! sclerophylous vegetation 
(““ Macchie”’), similar to the chaparral 
of California, and woods of Pinus hali- 
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pensis, are characteristic of the mediter- 
ranean domain. Oak and mixed decidu- 
ous woods, similar in many respects to 
the foothill regions of California, mark 
the transitional areas. Oak and mixed 
deciduous woods, including Fraxinus, 
Fagus, and at higher elevations conifer- 
ous forests of Abies and Picea, mark the 
central European domain. 

Of the brushwood communities, 
“ Macchie”’ and “ Shiblyak ” are of par- 
ticular interest. Macchie consist of hard- 
leaved, winter or spring-flowering ever- 
green shrubs which closely simulate the 
true chaparral in California. They oc- 
curred in historical times as under- 
growths of Pinus halipensis. “ Shibl- 
yak’ is a vernacular Serbian name for 
deciduous brushwood, similar in some 
respects to the brush fields of California. 
Shiblyak owes its great extension chiefly 
to man’s destruction of high forest— 
another similarity to California brush 
fields. The extensive forests referred to 
by the Crusaders as the “ Silvae Bul- 
garorum ” are now occupied by shiblyak. 

The influence of Man and his domes- 
ticated grazing animals is credited by 
Mr. Turrill with having changed the 
character of vegetation since historic 
times more profoundly than climate. 
Forest destruction as a result of cut- 
ting, fire, and grazing has proceeded 
apace despite admirable laws and rules 
for forest protection, some of which have 
been nominally in force since classical 
times. “It is said that when a Greek 
sees a tree his first thought is concerned 
with how to cut it down.” 

The reviewer finds only a casual ref- 
erence to the effect of clearing forest for 
cultivation. In China the inability of 
the valley lands to support the resident 
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population has driven the farmer, under 
the pressure of population increase, to 
clear the sloping lands of vegetation to 
cultivate the soil. The slope soils are 
washed away after a few years necessi- 
tating the abandonment of the fields to 
native ruderal vegetation. A similar 
process would be looked for in the hu- 
man occupation of the Balkan Penin- 
sula. The goat and fire would be ex- 
pected to complete the change in soil and 
site on slopes, and to destroy conditions 
favorable to natural or artificial forest 
renewal under similar climatic condi- 
tions. 

The discussion of the soils is very gen- 
eral, and omits a body of knowledge on 
the developmental stages of soils and the 
results of accelerated erosion which the 
activities of Man in destroying the origi- 
nal character of vegetation doubtless in- 
itiated. The correlation of vegetative 
succession with changes in soil profile 
characteristics including water-holding 
and conserving properties as well as of 


plant foods, doubtless would clarify 


many of the problems presented. 

Plant distribution and. migration re- 
ceive thorough treatment and deserve 
study by the plant geographer. 

W. C. LowpDerRMILK. 
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Das Holz. (Wood). By J. A. von 
Monroy. 378 p., 288 fig., VDi 
Verlag GMBH, Berlin, 1929. 

This ambitious book on the produc- 
tion, harvesting, and utilization of wood 
is issued under the auspices of the Asso- 
ciation of German Engineers jointly 
with the German Foresters Association 

(Forstverein). Dr. v. Monroy, as ex- 
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ecutive of the Technical Committee of 
the latter organization (corresponding 
somewhat to our National Committee 
on Wood Utilization), is the compiler 
rather than the author, though he con- 
tributes certain parts of the book him- 
self. 

The wide scope of the book and its 
authority will best appear from the con- 
spectus of contents: 

Part One, by Dr. Wappes of Miinich, 
deals with production of wood—chiefly 
statistical. (21 p.) 

Part Two, by Landforstmeister Gern- 
lein of Berlin, deals with the harvesting 
of wood crops. (20 p.) 

Part Three, the technology of wood, 
by Profs. Rubner of Tharandt, Stamer 
of Berlin, and Moll of Berlin, contains 
in condensed form material found in 
various other publications, notably Koeh- 
ler’s “‘ Properties and Uses of Wood.” 
(57 p-) 

Part Four takes up the Uses of Wood 
in the Arts and covers the remaining 
200 pages except for a brief Part Five 
(4 pages) on the organization of Ger- 
man forest and wood-using industries. 

Returning to Part Four, this con- 
sists of : 

A. Wood as Building Material, by 
Dr. Gestechi, Berlin; Engineer Him- 
melsbach, Berlin; Oberforster Diehl, 
Essen; Dr. Stocker, Freiburg i. Br.; 
Counsellor Leonhard, Breslau; Prof. 
Winkel, Danzig; Direktor Mihlner, 
Dresden; Krobob, Niesky; Engineer 
Sodemann, Brunswick; Architect Oel- 
schig, Neustrelitz; Dr. v. Monroy, him- 
self; Dr. Schwarz, Hessen; Dr. Wit- 
hake, Essen; and Dr. Brenner, Berlin. 
It covers all aspects of wood utilization 
in construction of all sorts, closely re- 
sembling the volume entitled ‘‘ Wood 


Construction”’ recently issued by the 
National Committee on Wood Utiliza- 
tion under the authorship of Dudley F. 
Holtman. 

B. Wood as Chemical Resource, by 
Prof. Schwalbe of Eberswalde, is of ex- 
ceptional interest to foresters inclined 
to view themselves as “‘ Cellulose Propa- 
gators.” 

C. Wood as Fuel, by Oberférster 
Miller of Wetzlar, is concerned chiefly 
with production of charcoal and is of 
only minor interest. 

The technical value of this book is 
unquestioned and should present to Ger- 
man industrialists the value of this great 
raw material—Wood—in a form more 
authoritative and more easily used than 
has been possible hitherto. This is pre- 
cisely the purpose of the book; for, as 
Dr. v. Monroy points out in his intro- 
duction, there are in Germany the same 
inroads of substitutes for wood as in the 
United States, not always based upon a 
proper understanding of the relative 
merits of the competing materials. 

Part Five, in which Dr. v. Monroy 
presents a picture of the organization of 
the wood-using industries in Germany, 
is of particular interest to foresters, the 
more so as he does it in comparison with 
American organizations, based upon his 
recent year of study in this country 
under the Rockefeller Institution. Un- 
like America, the wood-using industries 
are not usually owners of timberlands; 
the forestry profession has as its own 
function exclusively the growing and 
harvesting of wood crops. The repre- 
sentative of this function is the official 
Reichsforstwirtschaftsrat (Council of 
Forest Management) established in 1919 
to harmonize and coordinate the timber 
growing activities of state and private 
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owners. The technical aspects are han- 
dled by the Deutsche Forstverein which 
corresponds to our Society of American 
Foresters. 

Lumber manufacturers are distinct 
from all aspects of timber growing. The 
most important organization is the Zen- 
tralverband von Vereinen Deutscher 
Holzinteressenten (Central Association 
of German Wood Concerns), whose 
function is economic and mercantile. 

Secondary Wood-Using Industries 
(box, furniture, excelsior, and the like) 
are organized in the Wirtschaftsverband 
der Deutschen Holzindustrie (Associa- 
tion of German Wood Industries) with 
subsidiary organizations for each special 
kind of wood product. 

Paper manufacturers are an exception 
to this rule, finding their representation 
as part of the Reichsverband der 
Deutschen Industrie (National Associa- 
tion of German Industries). 

There is no national institution in 
Germany comparable to the Forest 
Products Laboratory at Madison, Wis. 
Such work hitherto has been done at 
the various forest experiment stations 
and forest schools of collegiate rank. 
The difficulty has been, in the past, to 
overcome the decentralized organization 
of wood-producing and wood-using in- 
dustries so as to win their support for 
a national forest products laboratory. 

This book is an example of thorough- 
going German methods—a credit to the 
authors and particularly to Dr. v. Mon- 
roy who has cleverly unified the work 
of many collaborators. Copies may be 
obtained for RM 19.50 from the Verein 
Deutscher Ingenieure (Assoc. of Ger- 
man Engineers), 40 Dorotheenstrasse, 


Berlin, N.W. 7. 
A. B. RECKNAGEL. 


The Air Seasoning of Western 
Softwood Lumber. By S. V. 
Fullaway, H. M. Johnson, and 
C. L. Hill. U. 8. D. A. Bull. 1425. 
Pp. 59, fig. 10, tables 9, plates 8. 
1928. 


This bulletin, although lacking some- 
what in editorial finish, is of a very prac- 
tical kind, and gives in direct English es- 
sential information concerning the air 
seasoning of western softwood lumber. 

The first twelve pages, except for a 
brief introduction, are devoted to a re- 
view of the important principles of wood 
drying and their general application. 
This part contains little that is new, but 
the story of how drying takes place is 
probably told better than in more 
lengthy treatments of the subject. A 
serious contradiction on page 10 should 
be corrected before more copies are sent 
out. In one paragraph it is said that the 
heart face of a plain-sawed board shrinks 
more, and in the next paragraph that 
this side shrinks less. 

The drying yard is treated at length, 
with consideration of site selection; yard 
lay-out as to alleys, trams, and pile spac- 
ing; pile foundations; and yard trans- 
portation. Many lumber yards offer un- 
favorable drying conditions because of 
poor air and surface drainage. Alley 
ways are often laid out with little or no 
regard to transportation, economy of 
handling, or climatic conditions. Operat- 
ing conditions should, according to the 
authors, take second rank to drying con- 
ditions. “ Only too often convenience in 
handling is given undue weight in the 
yard plans.” 

The authors estimate that the average 
space between piles is about two feet 
when it should be twice that. This be- 
comes evident for “ the front and usually 


a 
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the rear of a pile, because of the loca- 
tion of the crossers, present an almost 
solid face. The sides of the pile offer 
the only easy inlet and outlet for down- 
ward air currents. A very definite cir- 
culation along the sides of the pile is es- 
sential to effective drying.” The advan- 
tages of elevated trams in facilitating 
yard transportation may be more than 
offset by the delayed drying in the piles 
below the tram level. “Actual yard tests 
under ordinary conditions have shown 
that stock below the tramway requires 
40 per cent more time to dry down to 
a given moisture content than stock 
above the tramway. Also, during a given 
period, stock below the tramway will 
reach a moisture content of only 18 per 
cent while the stock higher up is coming 
down to a moisture content of 11 per 
cent. It follows that, in drying pine, 
stain development is much greater below 
the tram.” 

Pile foundations come in for well- 
merited comment, with special empka- 
sis on rigid construction and sufficient 
height. “Controlled yard tests have 
demonstrated that as the foundation 
height is increased, the inherent lag in 
drying between vertical sections of the 
pile is decreased ; final moisture content 
_ of the stock is more uniform throughout 
the pile and during a given period will 
reach a lower average; and, in pine, de- 
preciation from stain is reduced, particu- 
larly in the lower third of the pile where 
blue-stain development is ordinarily 
greatest. . . . . Increase in the founda- 
tion height is justified up to the point 
where the loss of yard space and addi- 
tional cost of piling may offset the very 
real seasoning advantages mentioned. 
The minimum clearance below the string- 
ers upon which the stock rests should be 


12 inches. This means ordinarily a foun- 
dation height of 18 inches at the rear, 
and proportionately more at the front if 
the usual slope is built into the structure.” 
Of yard sanitation the authors say: 
“There is much room for improvement 
in most of the yards. No yards have 
been seen where recommendations for 
sanitation have been taken too literally 
or overdone. The cleanliness of a yard 
is largely a matter of habit with the 
workmen, and therefore the prevention 
of debris accumulation should be defi- 
nitely insisted upon.” Good sanitation 
is a very effective means of aiding in the 
control of sap stain and incipient decay. 
Pile construction is gone into in great 
detail. “ Two distinct major considera- 
tions are involved in the logical develop- 
ment of methods of pile construction— 
losses to be avoided through proper sea- 
soning and economy in piling cost and 
yard space.”’ Even after a yard is prop- 
erly laid out and foundations are prop- 
erly built, losses may enter because of 
unwise use of crossers, the size, sound- 
ness, and spacing of which are discussed 
in detail. Chimneys and roofs are of 
course not left out. The overhanging 
roof in spite of its usefulness also cuts 
off direct sunlight from the pile ends, 
offsetting some yard lay-out advantages. 
Inasmuch as the studies upon which 
this bulletin is based were made in the 
several western lumber-producing re- 
gions, the specific problems of each are 
given separate treatment. Present prac- 
tice and possible improvements are dis- 
cussed at length for the Inland Empire, 
California pine, redwood, and Douglas 
fir regions. 
This bulletin is of outstanding use- 
fulness to lumber producers who practise 
air drying, and contains numerous sug- 
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gestions for improving drying conditions 
that mean real decrease in production 
cost through a reduction in losses. But, 
like other good bulletins relating to the 
lumber industry, it will be shelved and 
soon forgotten. Lumbermen do not like 
to read even the simplest technical ma- 
terial. Valuable information of this kind 
can be “ put over” only through per- 
sonal contacts similar to those used by 
agricultural colleges for extending farm 
information through spe- 
cialists. 


extension 


EMANUEL FRITZ. 


BRS 


Making the Most of Marinette 
County Land. By C. B. Drewry, 
B. H. Hibbard, F. G. Wilson, 
W. A. Rowlands, A. R. Whitson, 
and A. A. Thompson. Unnum- 
bered Circular, Extension Service 
of the College of Agriculture, Uni- 
versity of Wisconsin. Pp. 23. May, 
1929. 


The Wisconsin College of Agricul- 
ture has aided Marinette County, Wis., 


to study its land-economic conditions ° 


from 1914 to 1928. Total equalized 
land value in 1911 was 1 per cent of all 
such property in the state; in 1928 it was 
two-thirds of 1 per cent. Total revenues 
dropped 20 per cent from 1924 to 1927, 
general property taxes declining 47 per 
cent in three years. State aid for schools 
and county dependents is more than four 
times as much as the county contributes. 

The county tax rate averaged 23 mills 
in 1915 and 39 mills in 1928, rates in 
some townships being 50 to 70 mills. 
The rate of 39 mills was one of the 
highest three in Wisconsin counties, and 
was largely responsible for the rapid rise 
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in tax delinquency. As a result of such 
delinquency, the cities and villages in 
1927 carried 54 per cent of the county 
assessment and paid 70 per cent of taxes 
collected. 


Population was approximately 31,000 © 


in 1900, with eight units of town govern- 
ment in addition to the city of Marinette. 
In 1920, the population had increased 
8000 and there were 13 additional town 
and village governments. One of the 
small towns absorbed 67 per cent of its 
total taxes for the privilege of existing 
as a town. Due to this condition, tax- 


payers of the more prosperous parts of © 
the county bear a much heavier burden. — 


The county has 136 miles of state and 


federal roads, 240 miles of county trunk — 


lines, and 1220 miles of town roads. 
Between 1915 and 1928, road-tax levies 
were 28 per cent to 65 per cent of the 
total levy. There are 103 operating rural 
schools in 75 districts, with an enroll- 


ment of 2427 pupils. In 1927-28, there 


were 47 schools with less than 20 pupils 


? 


each; 53 schools with 20 to 50 pupils — 


each; and 3 with over 50 pupils. In the 
past seven years school enrollment has 
declined 17 per cent, due to the fall in 
value and to the abandonment of unde- 
veloped farm land in this period. The 
average cost per pupil in 1927-28 was 
$92, or $25 more than the average for 
the state at large. Cost per pupil in some 
small schools was $200 to $300, and one 
school had a cost of $583 per pupil. 
The percentage of land use is: 


Per 
cent 
Farmis< 0<.0'<.sic0.+ #10 cote eee 32.6 
Recreation lands ... ..00 . ss cue 2.4 
Water-power properties ........ Lal 
Merchantable timber ......... + silat 


swamp 
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In 1885, farm land was 6.7 per cent 
of the county area, in 1925 it was 32.6 
per cent. Of the 521 recently abandoned 
farms, over half are in four towns. The 
abandonment of marginal farm land and 
the increasing use of lime and fertilizer 
have maintained total crop production 
and yielded greater profit per farm. 
Since 1920, dairy cattle increased 19 per 
cent in number and 35 per cent in milk 
production. Farming on the better soils 
is profitable, with good markets, when 
farms are concentrated into communi- 
ties. But almost one-third of the county 
is sandy soil lying in a belt. Peat and 
muck soils form one-fifth of the county 
area. 

The original forests have been largely 
cut out during the past 80 years. Of the 
563,700 acres of forest land, 147,700 
acres are good second growth which can 
supply pulpwood, etc., within 10 to 20 
years. Fair second growth on 152,000 
acres will yield usable material in 20 to 
30 years. Poor second growth, most of 
which will require some planting to estab- 
lish full stands of valuable species,’ covers 
the remaining 129,000 acres of forest 
land. In 1928, 500 carloads of crude 
forest products valued at $50,000 were 
shipped from the county. Aspen bolts, 
sold by farmers at a local excelsior plant, 
brought returns of $15,000. Wood- 
using industries in the county employ 
2300 men, support one-third of the 
population, and comprise one-fifth of the 


1 White pine was once one of the most 
valuable species of this county. On the sandy 
lands, which are largely the ones in need of 
replanting, there are very few wild goose- 
berry bushes, so that conditions are favor- 
able for reforesting with white pine. The 
cost of blister-rust control (eradication of 
currant and gooseberry bushes) on such lands 
costs only a few cents per acre. S. B. D. 
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total valuation. These plants produce 
three-fourths of the manufactured prod- 
ucts of the county, over $13,000,000 in 
value. Most of the raw material for 
these plants now comes from outside of 
the county, and since these supplies are 
uncertain the idle lands of the county 
should be put to work to supply home- 
grown timber for perpetuating local in- 
dustries. 

There are eight fire observation towers 
in the county, and forest fires in 1928 
were held down to relatively small loss. 
The Forest Crop Law of Wisconsin 
taxes forest land entered under the act 
at IO cents per acre per year, and timber 
pays a stumpage tax of 10 per cent 
when cut. A commercial forestry develop- 
ment using the selective logging system 
is in operation in the county in the 
vicinity of Goodman. A forest nursery 
is also established there. The town of 
Goodman, with a permanent wood-using 
industry and a favorable agricultural 
situation, is on a sound financial basis. 

The total forest recreational land of 
the county is 20,000 acres, assessed at 
over a quarter million dollars. ‘This 
includes 28 forest resorts and 22 clubs 
or camps distributed in every town of 
the county except one. In one town, 10 
per cent of the taxes are paid by forest 
recreational property, and in another 6 
per cent. There are also 14 hydroelec- 
tric plants with 10,000 acres of water- 
storage land, assessed at $6,400,000. 
Such properties pay half of the taxes in 
two towns. 

The most pressing land problems are 
in seven counties in the northwestern 
portion of the county, comprising one- 
sixth of the total area. In these towns 
merchantable timber, recreational prop- 
erty, and operating farms combined form 
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but 12 per cent of the area; the balance 
is tax delinquent. School costs were 
$177 per pupil in 1927-28, or two and 
one-half times the average for the state. 
Of the tax-delinquent acreage, 37 per 
cent is in good second growth, 33 per 
cent in fair second growth, and 27 per 
cent in poor second growth. The use 
of this land for forestry purposes holds 
more promise than any other use. No 
other outlet offers as good possibilities 
for improving the economic conditions 
of this county. 

The recommendations in the circular 
are as follows: 

1. The County Board should take 
early action to enable a referendum vote 
on the question of organizing a county 
forest under the provisions of the state 
forest tax law. 

2. When a favorable referendum vote 
is secured, the County Board should be- 
gin development of a definite county 
forest program. 

3. A county unit school system is 
needed to adjust school enrollment and 
costs. 

4. Consideration of consolidating po- 
litical units is advised. 

5. The County Board should develop 
a county zoning system, and authorize 
arrangements, on a voluntary basis at 
least, for exchanges in farm holdings 
from the scattered locations to more 
suitable farm areas. 

This timely “emergency survey ” of 
an acute agricultural-forestry land prob- 
lem points clearly to forestry as the way 
to stabilization and prosperity. The facts 


are presented simply and clearly, with 
an abundance of easily understood charts. 
This publication should be distributed to 
county boards in all forest counties of 
the Lake States, since many of these 
boards undoubtedly face similar prob- 
lems. 
S. B. DETWILER. 
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A Bibliography of Recent Forest 
Literature in Sweden. By Sven 
Petini. Forestry, 2: 110-125. 1928. 


This bibliography is a valuable source 
of information in English on the forest 
literature of Sweden. It lists a total of 
252 books and articles grouped under 
the following headings: The production 
and consumption of timber in Sweden; 
forest economics; forest mensuration; 
silviculture; forest technology (lumber- 
ing, utilization, etc.) ; soil science; forest 
trees, the natural history and biology of 
forests; and forest protection. ; 

There is a summary of the more sig- 
nificant items under each heading, and 
the books and articles are each described 
briefly. Petrini states that the Swedish 
forest literature has only to a minor ex: 
tent been published in book form and that 
the bulk of it is found in periodicals. 
large part of the literature which he list 
has been written during the last ten years 
but for the sake of continuity and t 
show development in certain fields he 
has included some work prior to 1900. _ 

R. P. HoL_pswortu. 
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Mappinc or BrowsrE AREAS 


Since the meter quadrat method of 
charting cannot be used to advantage in 
mapping large browse specimens, the 
following methods have been devised for 
mapping browse sample plots at the 
Great Basin Experiment Station: 

The plots used vary in size from 1 to 
3 square rods. Each browse specimen on 
a plot is accurately located on a map 
which shows the location of the stem or 
stems of the plant as well as the crown 
spread. 

In mapping the browse specimens two 
methods may be used. One of these is 
the traverse board method. Several set- 
ups of the board are made over the plot 
that is being mapped, each set-up being 
directly over a permanent peg. A steel 
surveyor’s tape is attached to the peg 
underneath the traverse board for ob- 
taining distances to the various browse 
plants. The direction of any point to 
be located from a set-up station is se- 


cured by sighting with an alidade on a 


surveyor’s rod or similar pole held on the 
point to be located. Sufficient points on 
the perimeter of the crown of an indi- 
vidual plant are located by this process 
until the crown can readily be drawn in. 

The other method is the gridiron 
method. In it the plot is subdivided into 
small units with the aid of cord, sur- 
veyor’s pins, and a steel measuring tape. 
Different points are located by measuring 
out from the intersection of the cord and 
then shown on a map sheet which has 
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been ruled off into small units to cor- 
respond to the subdivisions of the plot. 
Cross-section paper may be used to good 
advantage in this method, chiefly be- 
cause of the ruled lines which aid in 


mapping the crowns and locations of the 
browse plants. 


The map should show the location of 
all seedling browse plants as well as the 
larger plants. Since the mapping shows 
only the spread of the crown the maxi- 
mum, minimum, and average heights of 
the browse plants should be indicated 
within the outline of each. If this is too 
small the data should be entered on the 
map sheet to the left of each located 
plant. The height measurements will 
be of value in checking overgrazing and 
to note recovery of badly grazed browse 
plants. 

In computing areas of the different 
browse plants on a plot, the planimeter 
has been used, or where cross-section 
paper is used in mapping, the squares 
and parts of squares enclosed by the 
perimeter of the crown are counted. 

It is the present plan to remap the 
browse plots at intervals of three to five 
years. 

Growth and utilization data have been 
secured yearly by measurements of the 
annual twig growth on the browse plots 
mapped. At least five shrubs of each spe- 
cies are selected, numbered, and staked on 
each plot. Measurements are made of the 
annual twig growth on not less than 
10 twigs on each of these staked shrubs. 
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On areas where there is heavy use of the 
twigs during the growing season, it has 
proved difficult to secure accurate mea- 
surements of annual twig growth. In 
these instances such measurements as are 
taken on the grazed plots are checked 
against growth measurements secured on 
the plots protected from grazing. Mea- 
surements of growth are taken at various 
intervals during the growing season, par- 
ticularly in the fore part, in order to 
determine the rapidity of growth when 
the maximum growth of twigs occurs 
and also the total annual growth. 

In order to ascertain an exact record 
of utilization and to check one’s ocular 
judgment on utilization of browse species 
on extensive grazed areas, measurements 
of the extent of grazing have been made 
at intervals up to the end of the grazing 
season on 10 twigs each of the five repre- 
sentative browse plants on the grazed 
plots. The utilization per cent has then 
been secured by dividing the average 
length of the unused portion of the twigs 
by the total annual growth. The purpose 
of the twig measurements is to determine 
what utilization may be allowed and 
still maintain leaf and twig vigor of the 
browse plants through a period of years. 

As a check against measurement of 
grazing use, plant vigor experiments were 
started in which the twigs and leaves 
of birchleaf mahogany (Cercocarpus 
montanus) and snowberry (Symphori- 
carpos creophilus) are clipped to various 
intensities and at various times during 
the growing season. The ability to main- 
tain the vigor of twig and leaves clipped 
under the different methods of treat- 
ment is noted. Proper or desirable use 
is determined by the ability of plants to 
maintain their vigor. ‘Therefore the 


grazing and clipping records will furnish 
the basis for determining proper utili- 
zation. 

Enocu W. NELSON. 
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A New SeEeEp-ExTRACTING APPARATUS 


With the growing recognition of the 
danger in reforestation work of indis- 
criminate movement of forest tree seed 
from its source to places differing widely 
in climatic and other conditions, many 
foresters have been advocating a return 
to the old methods of home extraction 
for use on the spot. Such small scale 
extraction, however, is liable to be ex- 
pensive or at least time consuming, with 
frequently poor yields and uncertain 
quality in the seed. 

To meet the demand for a small-size, — 
semi-portable, seed-extracting unit, ful- 
filling the modern requirements for ra- 
tional seed extraction, a new type of 
kiln has been designed and constructed 
in Sweden by Lansjagmastare Wilhelm 
Dybeck and Disponent J. Jonsson, in- — 
ventors of the “System Dybeck-Jons-— 
son.” This system is now in use at a 
number of places in Sweden, notably 
Bollnas. The new extractor, however, | 
is a departure from kilns hitherto con-— 
structed, although still of the progressive i 
or continual type of operation, as covered 
by the ‘“ Dybeck-Jonsson”’ patents. 
is now undergoing tests at the Swedish 
Forest Experiment Station. 

The entire apparatus is ssl 
of steel plate and angle iron, thus we 
ating any danger from fire. It occupies — 
a floor space of about 4x5 feet 7 
stands about 12 feet high. The principal — 
parts are the cone hopper above, holding — 
the cone supply and feeding the cones 
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into the kiln; the vertical cylindrical 
kiln ; and the base, containing the heating 
coils, blower, and seed box. The greatest 
innovation is the kiln, which is arranged 
to rotate on a vertical axis 5 or 10 
degrees. The rotation is caused by a cam 
driven from the same electric motor 
which operates the blower. At the end 
of the cam stroke, the cylinder is released, 
and is pulled back against a stop by a 
coil spring, imparting a jolt to the kiln. 
The direction of this jolt is tangential 
to the cylinder. Within the cylinder is 
a very gradually sloping spiral of per- 
forated sheeting, filling the cylinder from 
side to side. On this spiral pathway the 
cones are gradually jolted forward and 
downward through the kiln. 

The speed with which they pass down 
through the cylinder can be adjusted 
in two ways: First, by the severity of 
the jolt, which is regulated by both the 
tension on the spring and by the setting 
of the cam-bearing plate; and secondly, 
by the number of jolts per minute, regu- 
lated by changing the speed at the cam- 
shaft. Thus the length of time the cones 
are exposed to the heat may be altered 
to suit the requirements of each species 
degree of opening, etc. For wholly closed 
Scotch pine the apparatus is usually ad- 
justed so that 5 hours is required for a 
cone to pass completely through the 
kiln. The jolting also serves to feed in 
the cones at the top of the cylinder. 

As the cones pass down any seed which 
escape may at once fall down through 
the perforations and be removed from 
further heating. Finally the cones emerge 
into a box at the bottom, whence they 
may be conveyed to bins, etc. The jolt- 
ing serves to shake the seed from the 


cones, so that no special shaking appara- 
tus is required. 

The heating is accomplished by an 
electric coil through which air is drawn 
from a blower operated by a motor from 
outside. A two horse power motor is 
used to drive both kiln and blower, but 
doubtless a smaller motor connected 
directly to the blower would suffice also 
to rotate the cylinder, by a proper system 
of gears and worm drive, and by the 
use of ball bearings. The heating coil 
uses about 750 watts per hour for heating 
the air to 50° C. at the cone outlet. 
Heat is conserved by drawing in the 
cold air at the top; it passes down 
through the hollow shaft in the center 
of the kiln, and is thus preheated by 
the surrounding air in the kiln, so 
that when it is drawn into the heating 
coil it is already quite hot, chills the coil 
but little, and thus makes for economy 
of current. he warm air, after leaving 
the heater, is forced up outside the intake 
pipe into the bottom of the kiln, and 
passes up through the cone spiral, losing 
heat (by evaporation of moisture from 
the cones) and gaining moisture. This 
moist air is expelled partly at the cone 
intake, and partly through a shutter on 
the side of the chamber. 

The top of the kiln is further pre- 
vented from becoming hot by locating 
the cold air intake there. By keeping 
a considerably lower temperature and 
higher humidity in the top of the kiln 
than in the bottom, the first requirement 
of rational extraction is provided for, 
namely, that the cones be heated gradu- 
ally and not be exposed to the highest 
temperature and minimum humidity 
at once. To do so causes rapid super- 
ficial drying resulting. in  case-hard- 
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ening and failure of the cones to open 
completely. This reduces the yield of 
seed. Furthermore it is well-known that 
seed are most sensitive to damage from 
heat when in a moist condition. Hence 
the advantage, from the standpoint of 
both quality and quantity, of a progres- 
sive system, gradually increasing the 
temperature and decreasing the humid- 
ity. A companion advantage is that the 
operation is continuous, and can be kept 
going day and night, with practically 
no attention, as long as the cone supply 
lasts. 

The kiln is economical of heat and 
power compared to the other types. 
Naturally, other heat than electric can 
be used if desired, such as a kerosene 
lamp, but electricity has the advantage 
of being free from dirt and grease, 
and being less of a fire menace, besides 
being easier to regulate than other forms 
of heat. If the kiln were to be used 
out-of-doors, it might be well to insulate 
it with asbestos and plaster. The size 
so far built has a capacity of 50 hecto- 
liters of cones per day. For large plants 
several units could be installed side by 
side and operated by a single power unit, 
or by separate motors. In this way 
several different species, requiring dif- 
ferent drying treatments, or cones from 
several different sources, could be ex- 
tracted separately at the same time. If 
desired the whole unit can be transported 
easily from place to place by motor 
truck, and used for contract extraction, 
saving the expense of shipping cones. 
So far no apparatus for winging, clean- 
ing and sorting the seed has been 
attached to the unit, but it should be 
possible to combine small models of such 
equipment with the kiln. No working 
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drawings or details as to price are yet 
available. Later it is planned to arrange 
for the construction of these units in 
the United States. 

Henry I. BALDWIN. 
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THE APPLICATION OF AN OLD RULE 
FOR SCALING INTERIOR DEFECTS 


1“ 


According to Chapman * “ the diagram 
method is the most accurate way of com- 
puting the actual number of board feet 
to deduct from a log for a given defect. 
The cross section of the defective area is 
blocked out as a square or rectangle, and 
its length decided upon, whether running 
completely through the log or only part 


way through. For rules based on }-inch — 


saw-kerf, 20 per cent of the cross-section 
of the area must be deducted to get the 
net volume of I-inch boards to be de- 
ducted from the scale.” 

This is expressed by the formula: 


WxTxL 


x .80, 
12 


where W and T are the width and thick- 
ness in inches and L is the length in feet. 


This further reduces to 
W xt SE 
15 ‘ 
If W and T are equal, as in a circular 
defect, they may be represented by “ D,” 
in which case the formula becomes 
DG 
ew 
Continuing the above quotation: “ In 
using a decimal rule, the resultant vol- 
ume is rounded off to the nearest 10 or 
“decimal value’ before subtracting it 


*Chapman, H. H., Forest Mensuration, 
John Wiley & Sons, p. 106. 
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from the log scale. As a substitute for 
this calculation, and to save time, scalers 


| frequently approximate the amount of 


the deduction by guess, based on experi- 


~ ence.” 


The last statement that the scalers 


_ “approximate by guess” is generally the 


case, or if not, they use make-shift rules 
of thumb that are nearly as inaccurate. 
The mental arithmetic involved in the 
solution of the above rule, as given, re- 
quires too much time and mental effort 
for the average scaler to solve. To over- 
come this the following simple short- 
cut is suggested: 

Square the diameter of the defect and 
add to, or subtract from, the product 
one-fifteenth of the product for every 
foot the defect is longer or shorter than 
15 feet. A circular defect 
averages 12 inches in diameter and runs 
through a 16-foot log. The diameter 
squared is 144 inches; one-fifteenth of 
this is nine, which added to the product, 
144, gives 153 board feet as the amount 
to be deducted. This rounded off to the 
nearest 10 board feet makes a net de- 
duction of 150 board feet. If the defect 
is 14 feet long, then the deduction is 
144 minus 9 or 135 board feet. 

A simple method of obtaining one- 
fifteenth of a number is to take two- 
thirds of one-tenth of it. Example: one- 
tenth of 144 equals 14.4, and two-thirds 
of 14 equals a number a little greater 
than nine. Since the deductions are gen- 
erally rounded off to the nearest 10 
board feet, this minor error is of no con- 
sequence. In this example, the number 
could be called 8, 9, or 10 with the same 
final result. The leeway thus afforded 
enables the mental calculation to be made 
rapidly. 


Example: 
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The above rule 
those defects that 
shape in the same 
Defect requires the removal of a plank 
3 inches by 12 inches, the length of an 
18-foot log. Width multiplied by thick- 
ness equals 36; three-fifteenths, or one- 
fifth, of 36 equals 7; 36 plus 7 equals 
41 board feet—the total deduction. If 
the defect was 12 feet long, then the de- 
duction would be 36 minus 7, or 29 
board feet. 


can be applied to 
are rectangular in 


manner. Example: 


F. G. Crark. 
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DEVELOPMENT OF THE PULP AND 
Paper INDUSTRY ON THE 
Pacific Coast 


The last few years have seen a revolu- 
tion in the pulp and paper industry, which 
has apparently taken to heart Horace 
Greeley’s advice to ““Go west.” Examples 
of recent additions to the Pacific Coast 
industry are the 120-ton sulphate pulp 
mill of the Union Bag and Paper Power 
Corporation at Tacoma, Washington, 
and the National Paper Products Com- 
pany 200-ton sulphate mill at Port 
Townsend, Washington. Of equal in- 
terest is the announcement that the 
Hammermill Paper Company has com- 
bined with the Grays Harbor Pulp and 
Paper Company to produce bond paper, 
not only for distribution on the West 
Coast, but in the near future for dis- 
tribution by water shipment on the At- 
lantic seaboard. 

A statistical table appearing in the 
“ Pacific Pulp and Paper Industry ” for 
March of this year shows that there are 
now in the various western states and 


96 JOURNAL OF FORESTRY 


British Columbia the following pulp 
mills: 


Tons 

No. State or Province per day 
Gs" British Colimbiar tien sale oes an goo 
17, AVV denUilolene ag ewe oak om oes 212 1830 
SB OresONiewinirs ane reyes case x brete 1060 
sree Goat OTOH mie ytd ois ars a fra! So oFaie's 50 


The total daily production for the 
Pacific Coast, including other western 
states, is 1555 tons of sulphite, 710 tons 
of sulphate, and 1665 tons of mechani- 
cal pulp, making altogether 3930 tons 
daily as against 2044 five years ago. 

The number of thousands of cords of 
wood consumed yearly for pulp on the 
Pacific Coast has risen to a million and 
a third, of which one-half million is con- 
sumed in British Columbia and the bal- 
ance in the United States. This con- 
sumption is double what it was seven 
years ago. 

Most interesting is the relation of pulp 
and paper mills with sawmills. Opinion 
seems to be divided on the value of using 
the waste from the latter. Certain mills 
depend entirely upon it and even have 
conveyors bringing it directly from the 
sawmill to the pulp mill. A very large 
operator, however, is now leaning toward 
supplying half his requirements from the 
woods, since the fluctuation in the saw- 
mill output severely interferes with the 
supply of chips. 

A very detailed study has just been 
completed by the U. S. Forest Service 
under the direction of Mr. A. H. 
Hodgson which reveals the astounding 
fact that 6,500,000 cords of sound wood 
of cordwood size or larger are left in 
the woods every year in the Douglas fir 
region of Washington and Oregon. This 
is more than the entire amount of pulp- 
wood produced in the United States in 


the last year. The salvage of this woods 
waste constitutes an enormous problem 
and one that is being tackled by the coast 
industry. If to the woods waste in 
Washington and Oregon be added the 
woods waste in British Columbia, esti- 
mated at 1,360,000 cords annually, we 
reach the astounding total of at least 
woods waste in the Douglas fir region 
of the Pacific Coast of 7,800,000 cords 
annually, and this is wood of primary 
value for the making of high-grade pulp. 
In an interesting address by E. T. 
Allen of the Western Forestry and Con- 
servation Association at the Pacific Log- 
ging Congress last year, he advocated 
that more attention be paid to the so- 
called secondary species like the true firs, 
hemlock, and spruce. These at present 
constitute a potential value for pulp 
which in the future will be very impor- 
tant in the management of the coast 
forests. They all grow rapidly along 
the coast, Mr. Allen points out, with an 
average rate of two cords per acre per 
annum. The productivity of the Pacific 
Coast States for pulpwood of these 
species is so striking that it deserves most 
careful attention, particularly as the. 
lumber production from the large first- 
growth forests must diminish within a 
few decades. It is then that the Pacific 
Coast will rely on the pulpwood supply 
for its economic productivity. As Mr. 
Allen says: “It may easily be that Bai 
crops of these pulpwood species will be 
more valable during our most critical 
period than second crops of Douglas fir 
and other species whose best chance lies 
in an older product with correspondingly 
higher carrying costs.” . 
A. B. RECKNAGEL. 
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AGE OF Brack WALNUT SaPpwoop 


The number of years required to 
change from sapwood to heartwood is 
most important in such species as black 
walnut where heartwood is demanded 
by the market. An opportunity to obtain 
information on this point was furnished 
last summer in connection with a volume 
study of black walnut in east-central 
Illinois by the Central States Forest 
Experiment Station. Measurements of 
width and age of sapwood were taken 
in thirty-two trees, grown partly in plan- 
tation and partly in single rows, at the 
points where cuts were made in the log- 
ging operation and in addition on a 
sample limb from the live crown, the 
innermost ring of which was just turning 
into heartwood. In cases where a ring 
was partly heart and partly sap, it was 
recognized as belonging to the type of 
wood in which the major portion of the 
ring fell. 

The results of these measurements 
may be summarized as follows: 

1. The average age of sapwood on 
the stump was 16.25 years, with a mini- 
mum of 12 and a maximum of 19 years. 
There appeared to be no correlation be- 
tween sap width and age. 

2. At an average height of 9.9 feet 
above the ground, the age of the sap was 
12 years in thirty trees, and 11 and 13 
years in the other two trees. 

3. At an average height of 17.25 feet 
above the ground the age of the sapwood 
was 12 years in seventeen of the eighteen 
trees measured and 11 years in the other. 

4. At an average height of 24.4 feet 
above the ground the age of sap was 12 
years in all four trees measured. 

5. The age of the all-sapwood limb 
was 12 years in twenty-nine trees, II 


4 


years in two trees, and 13 years in one 
tree. 

6. The age of the sapwood was 12 
years at 92.5 per cent of the points along 
the stem above the stump. However, 
this sample contained only dominant and 
codominant trees. Furthermore, they 
were taken from a rather restricted lo- 
cality, and since the count was made 
from the cambium zone inward, the 
growth represents the same period of 
years and, therefore, approximately the 
same climatic conditions. 

The results of this limited study are 
merely an indication of the possibilities 
of further investigation on this subject. 
Samples of trees having different growth 
factors may bring out other interesting 
facts. 


T. S. Core. 
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WISCONSIN LUMBERMEN FAVOR 
Fire Controu Tax 


A meeting was held in Oshkosh, Wis- 
consin, on December 6, 1929, between 
representatives of the state legislative 
interim committee on forestry, commis- 
sioners of conservation, state land com-. 
missioners, members of the U. S. Forest 
Service, newspaper men, and a committee 
of the Northern Hemlock and Hard- 
wood Manufacturers’ Association, which 
is the dominant lumbermen’s organiza- 
tion of Wisconsin. 

The principal discussion was concern- 
ing better forest fire protection, the need 
of which was brought out by the very 
serious forest fires in the state last season, 
and centered around a series of resolu- 
tions presented by the lumbermen’s com- 
mittee. Most of these related to minor 
items of administration. of forest fire 
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laws, payment of services for fighting 
fire, etc., but there was one suggestion 
which seems so epochal as to be worth 
calling to the attention of the profession 
generally. It reads as follows: 

“We recommend that a tax of one 
cent per acre be levied in each fire pro- 
tection district on all timberland, wild 
land and cut-over land, to be used for 
fire prevention and suppression under the 
Conservation Commission. This money 
is to be used in conjunction with the 
funds appropriated by the state and 
federal governments.” 

Essentially, this means that if the con- 
servation commission should ask of the 
legislature a blanket fire tax of a cent an 
acre on all wild land, the lumbermen, 
as the great land owners, would not 
oppose. 

It is customarily held in the Lake 
States that four cents an acre will give 
pretty good fire protection over county- 
wide areas. Of this, most foresters agree, 
the state should give two cents, the fed- 
eral government one cent, and the indi- 
vidual landowner one cent. 

It is most interesting, therefore, that 
the lumbermen voluntarily stepped pre- 
cisely into line with the best thought of 
the day. Their action recognizes the 
extra high hazard from fire of slash 
and cut-over lands; and also the fact, 
which some foresters seem not to appre- 
ciate, that it takes ample funds to give 
fire protection which is at all worth 
while. 

RussELL WATSON. 
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West VIRGINIA COMMERCIAL 
Forestry CONFERENCE 


Business leaders in lumber, coal, pulp 
and paper, power and public utilities, 


JOURNAL OF FORESTRY 


transportation, and a number of other 
fields of industry using wood met in 
Charleston, West Virginia, on December 
4 and 5 to take part in a Commercial 
Forestry Conference. The meeting was 
organized with the assistance of the 
Chamber of Commerce of the United 
States. A program covering the land and 
forest situation of West Virginia, the 
meaning of forests to all types of inter- 
ests, protection of forests from fire, forest 
and wood utilization, commercial for- 
estry, and forest taxation, brought to- 
gether more than two hundred and fifty 
persons. 

President William Butterworth of the 
National Chamber of Commerce empha- 
sized the country-wide need for more 
favorable conditions in forest protection 
and taxation to permit the profitable 
practice of forestry by private enterprise. 
He also stressed the importance of farm- 
ers as wood producers and wood users, 
urging that they be encouraged by all 


agencies to grow trees with as much re- | 


gard to proper methods as are employed 
in raising other farm crops. 

Chief Forester R. Y. Stuart of the 
U. S. Forest Service spoke of public re- 
sponsibility in promoting permanent tim- 
ber growing as a commercial enterprise, 
helping to eliminate obstacles to sus- 
tained forest yields and discouraging 
wasteful practices. 

More than forty speakers gave talks 
in the two-day meeting, holding a large 
audience to the last topic, which was 
forest taxation. State Tax Commissioner 
Townshend in speaking on this subject 
claimed that the existing tax system was 
the most discouraging factor facing the 
timber grower in West Virginia, and 
that until some tax system like that of 
Pennsylvania and adjacent States was 
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NOTES 


adopted forest owners would continue 
to fight against unreasonable odds. 

The following resolutions were a- 
dopted by the conference: 

1. The State of West Virginia should 
be properly surveyed to determine the 
best utilization of its land area. 

2. Forest research should be advanced 
by all possible agencies. 

3. Forest fire protection should be ex- 
tended and intensified throughout the 
state. 

4. More wood-using industries should 
be introduced to manufacture finished 
products from West Virginia rough lum- 
ber which is now exported. 

5. A more favorable form of forest 
taxation is essential to profitable forest 
production. 

6. The public must give wider recog- 
nition to forest problems and means of 
solving them. 

7. More state forests are needed for 
demonstration purposes. 

8. A permanent organization should 
be formed to maintain the spirit of the 
conference just held. 

g. The federal government should ex- 
tend its acquisition of submarginal lands 
in West Virginia. 

The adoption of the eighth resolution 
led to the formation of the West Vir- 
ginia Forestry Conference, with the ob- 
jective of seeing that the other resolutions 
were carried out effectively. Mr. John 
Raine, prominent lumberman and leader 
in forestry movements, was elected the 
first president of the new Association. 
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BREAKAGE NO OBSTACLE TO 
SELECTIVE LOGGING 


The experience of the Lake States 
Forest Experiment Station indicates that 
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the loss of reserve trees in logging need 
not be a bugbear in selective cutting. 
Experimental cuttings at its northern 
hardwoods field station in the upper pen- 
insula of Michigan show that the dam- 
age by accidental breakage is not as 
serious as most people fear. 

The losses in three selective cutting 
operations, covering 46 acres, amounted 
in “ very light” improvement cutting to 
0.5 per cent, and in both “light” and 
“heavy ”’ cuttings to 2.1 per cent of the 
total number of trees above 24 inches in 
diameter in the original stand. Most of 
the trees broken are usually small trees 
between 3 and 8 inches in diameter breast 
high. 

On one 8-acre plot, for example, in a 
heavy selective cutting the trees broken 
were distributed by size as follows: 13 
trees between 3 and 5 inches in diameter, 
g trees between 6 and 8 inches, 2 trees 
between 9 and 11 inches, 3 trees between 
12 and 14 inches, and 1 tree in the 15-17 
inch diameter class, a total of 28 trees, 
or 34 broken trees per acre, mostly of 
small sizes. 

On the basis of merchantable volume, 
the “loss”? was almost negligible—21 
board feet per acre. This is only 0.4 per 
cent of the original volume, or 1.1 per 
cent of the reserve volume. Even this 
loss was not a real loss, as the trees 
broken were cut up into logs and used. 

On the other hand, in very heavy cut- 
tings in which 92 per cent of the total 
volume was removed—cutting approach- 
ing commercial clean cutting—the break- 
age was considerable, amounting to 26 
per cent of the total number of trees in 
the original stand. In addition, many 
tops and branches were broken off and 
boles scarred. 
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A further unnecessary loss of small 
trees often results from excessive swamp- 
ing for skid trails and roads, and unregu- 
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GROWTH IN SWAMPS BEFORE AND 
AFTER DRAINAGE 


The growth of trees along the outlet 


lated cutting of material for corduroy, 
car stakes, etc. 

In the cuttings on the experimental 
forest, no special precautions were taken 
to safeguard the remaining trees from 
breakage. With greater care the amount 
of damage due to breakage may be still 
further reduced. It all depends upon 


ditches in 26 swamps in Minnesota and 
10 drainage districts in Wisconsin has 
been studied by the Lake States Forest 
Experiment Station in coéperation with 
the Universities of Minnesota and Wis- 
consin respectively, with the results 


shown in Table 1. 


TABLE 1 
EFFECT OF DRAINAGE ON GROWTH 


Growth per acre per year before and 
after drainage 


Species acm ie a 
Before | After Pe 
| Cubic feet | 

Blacktspruce cs... ceca +e xs vee een Poor 10.8 25.8 139 

Fair 23.6 48.0 103 

Good 23.2 65.0 180 

Excellent 27.6 41.7 51 

SIAM OPAC Kai s sinus assis.ersigis wer ak Sia Se Poor 6.6 13.0 100 

Fair 10.8 40.1 271 
Good 37.0 65.0 76 . 

Excellent 34-9 34-9 ° 

CORT aca te eal Nps Stee ee ak creed Fair 16.5 35.1 113 
Good 30.3 68.9 126 : 
Excellent 52.7 93-8 78 ; 
PESTONWOOGAT a. «5° ors cdkey imtahns Ais Te Excellent 22.0 146.0 563 : 


* Based on comparative height of largest trees in each stand at age of 100 years. 


the care and skill used in felling the 
trees, which is largely a reflection of the 
attitude of the loggers. It is essential 
that the entire logging crew, from woods 
boss to swampers, be “ sold ” on the selec- 
tive cutting idea—that they have a rough 
appreciation of the value of the 6-inch 
tree. 


This growth was observed close to 
the ditches. Back from the ditch the. 
increased growth falls off sharply, gen} 
erally disappearing within 150 to 400 
feet of the ditch bank. ; 

This is the effect on timber growth 
of outlet ditches, the effectiveness of — 
many of which has been reduced since 


E. L. Mowat. their construction 10 to 15 years ago. 


NOTES 


The growth figures are indicative of 
what proper drainage can accomplish 
over wide areas. 
RAPHAEL ZON, and 
J. L. AVERELL. 
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GirpLinc Harpwoops To RELEASE 
SPRUCE AND BALSAM Fir 


Girdling hardwoods in order to release 
and increase the growth of the young 
understory of pulpwood species has re- 
ceived considerable attention in recent 
years. In 1905 the Forest Service estab- 
lished a series of three plots at Corbin 
Park, New Hampshire, in a stand of 
northern hardwoods containing an under- 
story of spruce from 2 to 6 feet in height. 
Heavy girdling and removal of hard- 
woods was practiced on one plot and only 
moderate girdling and removal on the 
second, while the third was left undis- 
turbed to serve as a check plot. 

Measurement of the plots at 5 year 
intervals following girdling showed a 
much more rapid gain in volume on the 
girdled than on the untreated plot. At 
the end of 22 years the heavily girdled 

plot showed on an acre basis a total vol- 
ume of 902 cubic feet, or approximately 
10 cords; the moderately girdled plot 
565 cubic feet, or 6.3 cords; the ungirdled 
plot 158 cubic feet, or 1.7 cords. In 
other words, the growth on the heavily 
girdled plot was over five times, and on 
the moderately girdled plot three times, 
as rapid as the ungirdled plot. 

Periodic annual growth on the heavily 
girdled plot increased from 4 cord during 
the period from 1905 to 1920 to one 
cord per acre per year for the period 
1925 to 1927; during the same period 
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growth on the moderately girdled plot 
rose from 4 to } cord per acre per year. 
The ungirdled plot today is producing 
less than 1/10 cord per acre per year. 

Expressed in dollars and cents on an 
acre basis the heavily girdled plot at 
$4.00 per cord stumpage at the end 
of the 22-year period produced $40.00 
worth of spruce wood; the moderately 
girdled $25.20, and the control plot 
$6.80. The invested charge in girdling 
at the end of this period at 5 per cent 
compound interest amounts to $6.14 for 
the heavily girdled plot, and $4.50 for 
the moderately girdled plot. 

The experiment also shows that under 
the conditions represented by the experi- 
ment it is possible through girdling to 
convert a young merchantable hard- 
wood stand containing an understory 
of spruce into a pure coniferous stand. 
It appears that pulpwood operators can 
more cheaply increase their pulp-wood 
supplies by increasing their yields through 
girdling than through the purchase of 
more pulpwood lands. 


M. WESTVELD. 
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INTERCEPTION OF RAINFALL BY THE 
FOREST 


Measurements made by the Lake 
States Forest Experiment Station at two 
stations in northeastern Wisconsin in the 
spring and fall of 1928 indicate that for- 
est cover prevents about 20 per cent of 
the total rainfall from reaching the 
ground. This varies, however, with the 
character and density of the forest canopy 
and the amount of rain that falls. Thus, 
only 78.5 per cent of the total rainfall 
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reached the ground in the jack-pine forest 
and 81.8 per cent in the hardwood-hem- 
lock forest. In the latter 75.4 per cent of 
the total rainfall reached the ground in 
the spring and 84.2 per cent in the fall 
due to the fact that in the spring the 
trees were in leaf while in the fall the 
leaves were down. 

The amount of precipitation that 
reached the ground in the forest varied 
from 54.5 per cent with .037 inch of 
Tain to 90.3 per cent with 1.700 inches. 
The data, while too meager to be con- 
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clusive, indicate that the effectiveness of 
precipitation in penetrating forest cover 
increases rapidly as the amount increases 
up to about .3 inch, then more slowly. 
Roughly, .05 inch of rain is only 60 per 
cent effective; .1 inch, 70 per cent; and 
.3 inch, 80 per cent. Beyond this the 
increase appears to be about % of I per 
cent for each .1 inch increase in precipi- 
tation. This is accounted for by the fact 
that the amount of rainfall retained by 
the leaf canopy is limited. 
J. A. MircHeELt. 
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New ENGLAND FLoop ConTROL ? 


A survey of the floods in New England 
in November, 1927, shows clearly that 
forests alone will not prevent similar 
damage in the future. In addition there 
is an urgent need of storage reservoirs, 
which fortunately are a natural part of 
our industrial development. The need 
for electrical power is generally admitted. 
It is equally clear that if these great stor- 
age reservoirs are to be permanently 
effective and profitable the watersheds 
must be forested. Well-managed forests 
will not only lessen rapid run-off but will 
also check the erosion that will otherwise 
silt up the storage basins. 

Let us look at the flood picture from 
the broad viewpoint of citizens aiming 
at the permanent good of New England. 


CAUSES OF 1927 FLOOD 


The main causes for this flood were: 

1. October, 1927, had 50 per cent 
more rain than normal, well distributed 
week by week, so that the ground was 
thoroughly saturated. When on top of 
the October rains more than 6.8 inches 
of rain (Vermont) fell on November 2, 
3, and 4, in 39 hours, rapid run-off and 
disastrous floods were inevitable. Heavy 
precipitation along the Green Mountains 
is to be expected as the moisture laden 
winds rise and cool off with the high 
elevations. 

1Preliminary report of a special committee 
of the New England Section, Society of 


American Foresters, presented at a meeting 
of the Section at Hartford, Conn., Jan. 31, 


1929. 


2. This unusual and excessive rainfall 
was probably caused by two storms, one 
of tropical origin and the other from the 
west. These centered over Vermont for 
more than over twelve hours. 

3. Steep slopes and narrow valleys 
with heavy grades, coupled with a hard- 
pan or clayey subsoil, intensified the 
damage and speeded up the rise of water. 

4. The clearings for farms, the re- 
moval of coniferous trees, and the mat- 
ting of leaves from hardwood stands 
helped speed up the run-off. 


PAST FLOODS IN NEW ENGLAND 


The longest river in New England 
is the Connecticut, which flows from the 
Canadian boundary 410 miles to Long 
Island Sound. It really starts in the 
Connecticut Lakes at 1589 feet eleva- 
tion. A fall of almost 1000 feet occurs 
in the first hundred miles; most of the 
drop then occurs at Bellows Falls, Ver- 
non, Turners Falls, Holyoke, and Wind- 
sor Locks. Above Holyoke the drainage 
area is some 8400 square miles. 

The following figures showing the 
peak of water above the crest of the 
Holyoke Dam during the past floods 
indicate that the 1927 water was more 
than two feet higher than ever before: 


Date Feet 

MIBR ad une ae 10.50 
April 1962 nc 2G, se 12.50 
October, 1869 ....... 12.67 
Nay 1902) es sae asc" 11.88 
Maren Pa OLS. cc bbe stress 12.72 
November, 1927 ...... 14.75 
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Were it not for the large storage 
reservoirs being built or planned on the 
Connecticut and its tributaries we might 
anticipate even higher flood peaks on the 
lower river. Without the Deerfield 
River storage reservoirs, the peak would 
have been higher than 14.75 feet in 1927. 

The Turners Falls Power and Electric 
Company states that “this 1927 freshet 
on the Connecticut River materially ex- 
ceeded in flow and high water elevations 
anything previously recorded back to 
1850 or thereabouts so far as points on 
the river above Springfield Mass., are 
concerned. .... ~ 

Other periods of excessive rainfall 
were: 

Sq. miles Sq. miles 
with over 8” with over 7” 
Date rainfall rainfall 
Nov. 3-4, 1927. .2292 4042 
Oct. 12-14, 1895. 590 2045 
Feb. 10-14, 1886. 750 745 
Oct. 3-4, 1869. .3831 7145 

The records regarding earlier storms 
in 1826, 1785, etc., are less reliable. It 
is clear that we may expect one such 
storm every I5 or 20 years but that the 
damage will depend largely on the soil 
conditions when the storm occurs. 


DAMAGE BY STATES 


The property loss in 1927 was as fol- 
lows: 


Million 

State dollars 
Vermontiy,.sciae ss 29.4 
New Hampshire ... 2.4 
Massachusetts .... 2.5 

Connecticut ...... small 
Rhode Island ..... 1.9 
Niaine. 2, okie: 0.0 


In Vermont, where most of the dam- 
age occurred, the loss may be classified as 
follows: 


Million 
Kind of property dollars 
Farmsjiys56 eo ae 1.3 


Highways and bridges ... 7.1 
Railroad and telephones.. 6.5 


IHGuatry. & . >. oi< oe eee 5.5 
Cities and villages ...... 6.7 
Miscellaneous ....-...- 2.3 
Total 29.4 


Although both Vermont and New 
Hampshire are heavily forested (gener- 
ally 60 to 90 per cent), the damage was 
centered there because the rainfall was 
heaviest, the slopes were steep, the 
valleys were narrow, and the buildings, 
roads, bridges, and railroads were in 
the very path of the flood. 


VALUE OF STORAGE RESERVOIRS 


The main conclusion regarding the 
November, 1927, New England floods 
is that without storage reservoirs it will 
be impossible to prevent future floods 
under similar conditions. 

The leaves had fallen from the hard- — 
wood trees and formed a mat that was 
not only saturated by previous rains but _ 
formed a blanket which absorbed no 
water, and which increased rather than — 
lessened the run-off. Many watersheds 
are almost completely forested to the eye 
but with broadleaf species and not with — 
conifers. The conifers had been cut off 
for pulp and other purposes. ; 

Let us examine two watersheds: 

1. The branch of the White River — 
which passes Hancock and Rochester and — 
finally flows into the Connecticut at 
White River Junction completely washed — 
out the branch railroad whose terminal — 
is at Rochester, Vermont. Much of the | 
watershed is within the forest controlled — 
and operated conservatively by Middle- 


bury College. There is little farming — 


: 
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land. Probably nine-tenths of the drained 
area is timbered. Yet the damage to the 
branch railroad was so severe that it had 
to be entirely rebuilt, local interests had 


to raise $125,000 to defray new con- 


struction costs, and the problem actually 
arose before reconstruction whether it 
would be cheaper to change the present 
bed of the river so as to run under former 
bridges or whether to build new bridges. 
In other words, the damage was so 
severe and so disastrous that there was 
almost a question as to whether it was 
worth while to try to rehabilitate the 
commercial industries of the region. 

During the entire winter of 1927-28 
the product of the Blair Veneer Company 
mill had to be trucked over the crest of 
the Green Mountains to Brandon. This 
Was necessary because even the wagon 
road could not be rebuilt down the 
valley. Such a disaster in a heavily for- 
ested region is certainly depressing. ‘The 
enthusiasts who rely on completely for- 
ested slopes to prevent future floods will 
naturally be discouraged. 

2. The other watershed is the Deer- 
field River in Massachusetts and south- 
ern Vermont, which is estimated to be 
not more than 60 to 70 per cent forested. 
There are some open farms and a good 
deal of land which is only partially 
stocked with timber. 

The Deerfield River enters the Con- 
necticut River just below Greenfield, 
Massachusetts, after following the Mo- 
hawk Trail past Shelbourne Falls and 
Charlemont, and rises in southern Ver- 
mont, above the famous Somerset Dam 
in Somerset Township. This reservoir 
is more than six miles in length and is 
essentially a storage reservoir. Near the 
southern boundary of Vermont is the 
Davis Bridge Reservoir, almost eight 
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miles long, east of Reedsborough Falls 
and west of the village of Whitingham. 
The normal operating cycle of this 
reservoir tells why storage reservoirs are 
of paramount value in flood control. 
Under average or normal conditions the 
reservoir, which will hold 14 inches of 
rainfall on its watershed, had only 5 
inches on October 1 before the fall rains, 
about 84 inches on December 15, none 
the middle of March and about 13 inches 
the middle of June. When the Novem- 
ber, 1927, storm came it had 5 inches in 
storage, so that reports of 7 and 8 inches 
of rainfall caused no concern because 
even 9 inches could have been taken care 
of. Moreover, while the operating limit, 
when the water commenced to go over 
the spillway, was 14 inches, the water 
would not go over the top of the dam 
until the “‘ approximate freeboard limit ”’ 
of 16 inches was reached. Thus there 
was a considerable margin of safety. 
The main branch of the Deerfield, 
nine miles below the Somerset Dam, 
runs along the main highway between 
Wilmington and Searsburg on the main 
road connecting Brattleboro with Ben- 
nington. Mr. Bagely, one of the local 
selectmen, estimated the total damage to 
roads and bridges at $1200. One bridge 
was injured, the abutment washed out 
and a short portion of the road badly 
undermined. Without a storage reser- 
voir on this watershed, a man thoroughly 
familiar with local conditions estimated 
that the road would have been completely 
destroyed and the damage increased one- 
hundred-fold. Anyone interested in the 
contrast between the damage on the 
White River branch below Rochester, 
Vermont, and the practical lack of dam- 
age on the Deerfield River, should motor 
to these two localities. The difference 
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is instructive and an authoritative key 
to efficient and permanent flood preven- 
tion in New England. 

There is perhaps one drawback to the 
storage reservoir system of flood preven- 
tion. The natural beauty in the Roches- 
ter Valley has not been permanently 
damaged by the washouts. The storage 
reservoirs along the Deerfield mar the 
recreational value of the locality at low 
water. In the storage reservoirs you 
must always expect low and high water. 
At high water the locality is a beautiful 
lake region. At low water it is somewhat 
unsightly. 

The evidence of the Deerfield River 
watershed is confirmed by the benefits 
from storage reservoirs on the upper An- 
droscoggin River in New Hampshire, 
and on the upper Connecticut where 4 
billion cubic feet can be stored on the 
Connecticut Lakes. —Two new reservoirs 
are being built on the Connecticut above 
the mouth of the Passumpsic. The larger 
reservoir alone will store 5 billion feet. 
These two reservoirs should have a 
material effect on the flood flows of the 
river in the future. 

According to Cullen’s Report on 
Control of Floods in Northern New 
York Rivers, “the regulating reservoir 
is filled during the spring flood, partly 
emptied during the summer drought, 
partly replenished in a wet fall, and fi- 
nally emptied during the winter drought, 
thus being made ready to again receive 
the flood water of the spring run-off. ... 
It is evident, however, that regulating 
reservoirs offer a greater degree of flood 
protection, and at less cost, than any 
other protective work adaptable to Adi- 
rondack conditions.” The Empire State 
Gas and Electric Association (of New 
York) argues that a complete program 


JOURNAL OF FORESTRY 


of Adirondack river regulation through 
storage reservoirs will abate flood dam- 
age, improve sanitary conditions, create 
additional recreation centers, lessen the 
suspension of manufacturing, increase 
the state’s income, and increase available 
electric power. 


FORESTS AND FLOODS 


A study of Vermont flood statistics 
shows there is no relation between flood 
damage by counties and the percentage 
forested. The damage depended largely 
on the value of the property in the path 
of the flood, but we must realize that the 
leaf litter under stands which have been 
burned by surface fires is about one- 
seventh as absorbent as litter under pro- 
tected stands. 

Heavy cutting not only diminishes the 


capacity of the soil and humus to absorb — 


‘moisture; it increases surface run-off 
and erosion because of the logging roads, 
skidding trails, and bare soil merely 
covered with weeds. For details on for- 
ests in relation to erosion and stream- 
flow, see pages 7 to 13 of U. S. Depart- 
ment of Agriculture Circular 37 (Au- 


gust, 1928). Anyone who will study this — 


report can picture what would have hap- 
pened in New England had there been 
no forests at all. 

Protection forests lie on the steeper 
slopes, on easily eroded soil, and at the 
headwaters of important streams which 
are essential for water storage. It seems 
logical to restrict the virtual clear cut- 
ting so common in our northern forests. 
Now that hardwoods as well as soft- 
woods are becoming generally merchant- 
able it is essential that protective forests 
be cut more conservatively than those 
on more level land. This distinction of 
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cutting is current all over the world in 
civilized countries. Naturally, it is as- 
sumed that fire protection must be cer- 
tain and effective. 

If forest land must be taken or cutting 
restricted for the benefit of the public 
it must either be bought or the private 
owners compensated for the loss. Some 
favor giving no subsidy, but here in New 
England property rights are so sacred 
that some compensation must be given 
if any control of cutting on private land 
is to be effective. Certainly taxes must 
be reduced or waived if the rights of a 
private forest owner are curtailed. 


CONCLUSIONS 


These preliminary conclusions seem 
justified by our joint investigations and 
by the evidence of the 1927 New Eng- 
land floods: 

1. Exceedingly grave loss of life and 
property may result in New England 
from heavy rainfall under existing drain- 
age conditions. The relative damage 
depends on ground conditions as well as 
on the amount of rainfall. 

2. Even on completely forested water- 
sheds this flood loss may be very serious. 

3. With scientifically controlled stor- 

_age reservoirs, properly placed, supple- 
mented by well-placed and well-handled 
forests, the danger of flood damage will 
be reduced to a minimum even from 
torrential rains. 
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4. The science of forest management 
justifies the conclusions that forests re- 
tard run-off and equalize streamflow to 
a certain extent. It is admitted that for- 
ests prevent erosion. 

5. Clearing for grazing on high moun- 
tains on erodable slopes of northern New 
England hills and mountains is danger- 
ous for flood control. 

6. Areas chiefly valuable for soil and 
water conservation, or for recreation, 
must not be denuded. Restriction of the 
right to clear out on such areas must 
rest with the several states. But where 
reckless cutting in one state endangers 
the public interests in another, and the 
proper authorities fail to act after due 
notice, the federal authority should be 
paramount and be fully legalized by state 
and federal legislation. 

7. Private citizens restricted in the 
free use of their forest property should 
be compensated by a remission of taxes 
or by other equitable means. 

8. If this restriction of cutting is 
impossible those key areas must be owned 
by the public. 

THEODORE S. WooLsEY, JR., 
Chairman, 
JoHn H. Foster, 
R. E. RENDALL, 
Rosert M. Ross, 
C. R. TILLotson, 
Puitip P. WELLS. 
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Chase, Warren W. 
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Forest, Petersham, Mass. 
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Instructor, University of Minne- 
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Roe, Eugene Irving 
Cornell, B. S. F., 1929 
Sajor, Valentin 
Univ. of Idaho, B. S. F., 1926; 
Yale, M. F., 1927 
Scribner, Clayton W. 
Univ. of Mich., B. S. F., 1929 
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Prof., Ga. State College of 
Agric., Div. of Forestry, Athens, 
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Forest Supervisor, Ochoco Na- 
tional Forest, Prineville, Ore. 


Instructor, Forest Products, 
Univ. of Washington, Seattle, 
Wash. 

District Ranger, U. S. Forest 
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District Forester, Vermont For- 
est Service, East Calais, Vt. 
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Agent in Charge of Blister Bust 
Control, Minn. For. Service, St. 
Paul, Minn. 
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109 


Proposed by 


Southeastern Sec. 


North Pacific Sec. 


North Pacific Sec. 


Central Rocky Mt. Sec. 


Gulf States Sec. 


Minnesota Sec. 


Minnesota Sec. 
Allegheny Sec. 


Minnesota Sec. 


Wisconsin Sec. 


North Pacific Sec. 


Allegheny Sec. 


North Pacific Sec. 


New England Sec. 


New England Sec. 


Minnesota Sec. 


Minnesota Sec. 


H. H. Chapman 
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Instructor, Univ. of Minn., St. 
Paul, Minn. 


Graduate Assistant in Forestry, 
Penn State College, State Col- 
lege, Pa. Also Instructor. 
President, First National Bank, 
Linnton, Ore. 
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FOREST FINANCE By Herman H. Chapman, Prof. Forest Management, Yale Forest 


_ School. 362 pages, 6” x 9”, $4.50 postpaid. Order from Tuttle, More- 

house & Taylor Company, New Haven, Connecticut. 
A complete practical text on the financial problems of the utilization of land for forestry as a 
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' profit, estimation of damage, stumpage values, forest taxation and forest insurance. 
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UNIVERSITY OF MAINE 
ORONO, MAINE 


The Forestry Department offers a four years’ undergraduate curriculum, leading to the 
degree of Bachelor of Science in Forestry. 

Opportunities for a full technical training, and for specializing in problems of the North: 

eastern States. Camp course required. , 


For catalog and further information, address: 


JOHN M. BRISCOE, Orono, Maine 4 
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PETERSHAM, MASSACHUSETTS. 1 


A forest experiment station of two thousand acres, twenty years under oat 
on a sustained yield. Many phases of regional silviculture now highly developed. 
ging, milling, and marketing annually carried on. Besides participating in the Sale 
of the Forest, students conduct research projects in collaboration with the staff. Com 
petent graduates accepted as candidates for the degrees of M.F. or D.S. 


R. T. FISHER, Director. 


The New York State College of Forestry 
SYRACUSE UNIVERSITY 


Syracuse, New York 


A FOUR-YEAR undergraduate course is offered in General Forestry with the degree of Bachelor o 
Science and special courses leading to the degree of Master of Forestry, Master of City Forestry, 
Master of Science, and Doctor of Philosophy; a four-year course in pulp and paper manufacture and a 
short course each spring in Dry-Kiln Engineering and Lumber Grading are given. The Syracuse Fo 
Experiment Station of ninety acres at Syracuse, the Charles Lathrop Pack Experimental Forest of 1,000 
acres at Cranberry Lake, the Charles Lathrop Pack Demonstration Forest of 2,250 acres in the Lake 
George- Warrensburg district, three other experiment stations, the Roosevelt Wild Life Forest Experiment 
Station, a pulp mill, a well-equipped sawmill, a complete dry-kiln plant, a wood-working laborator: 
a wood-treating plant, the biological laboratories, and an excellent reference library offer unusual . 
portunities for research and instruction, Students may elect work in nine different fields. 


For further information address NELSON C. BROWN, Acting Dean. 
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YALE SCHOOL OF FORESTRY 


Established in 1900 ; 

A graduate department of Yale University, offering courses of study leading. to. 

the degree of Master of Forestry and Doctor of Philosophy. 
Special opportunities are provided for advanced work and research in the labora- 
tories and the school forests. Ds % 


For further information and catalog address 


HENRY S. GRAVES 


DEAN, YALE SCHOOL OF FORESTRY, 
NEW HAVEN, CONNECTICUT, U.S.A. 


